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L--THE  NORMAL  NERVE  CELLS. 
PLATES  XXXIV  AND  XXXV. 
I1N-TRODUCTION. 
The  purpose  of these  investigations  was the  study  Of the  changes 
which take place in the nerve cell as the result of disease,  and  especi 550  Morphology  of  Ga~glion  Cel~s in  the  Rabbit 
all),  the  sequential  order  of  these  changes  from  their  inception  to 
their termination.  With this end in view, the plan was to take up in 
turn the study of tile sequence of nerve-cell changes in a number of 
experimentally  produced  diseases;  the  aim  being  to  determine  if 
possible,  by  a  comparison  of  the  results  in  tile  different  diseases, 
either a  specific  type of cellular changes or  sequence of changes for 
each  separate  morbid  process,  or  a  unity in  the  effects  of  different 
morbid  conditions upon  the  nerve  cell,  and  thus  to  deduce,  if  pos- 
sibl  G some general laws governing the sequence of morbid changes. 
The advantages, in fact the necessity of using animals and experi- 
mental methods in such a study, are obvious.  Aside from the ability 
to  obtain material at pleasure fro.m any desired stage of a  disease,  is 
the advantage of completely eliminating post-mortem changes, which 
are  an ahnost constant possible  source  of error  in material obtained 
from human autopsies.  The  animals used  were  the  rabbit  and  the 
guinea-pig.  '~  These  have the  advantage,  on the  one hand,  of being 
such  eonunon  subjects  of  experimental  inoculation that  their  reac- 
tions to the various bacteria and their toxins are  comparatively well 
known, thus  rendering unnecessary extensive control  series,  and  on 
the other hand, of approximating sufficiently in organization to man 
to warrant some attempt at least at analogical deductions. 
At the very outset a complete barrier to accurate pathological work 
was  encountered  in  the  lack  of satisfactory data,  and  especially,  of 
accurate drawings of the nerve cells of tile normal rabbit and guinea- 
pig.  !n studies such as tile present, involving investigations o.f cyto- 
logical changes,  an  extremely accurate  norm of comparison is  essen- 
tial.  Originally intended  merely as  a  necessary preliminary to  the 
pathological  work,  this  study  of  the  normal  cell  has  constantly in- 
creased in  scope  and  importance until it now makes a  large  part  of 
the work.  Yet if it may furnish to other investigators in this field of 
experimental pathology a basis for comparison and eliminate for them 
I  am at present engaged in work upon  the  nerve cells of  the  normal  guinea-pig 
and upon the changes in guinea-pigs subjected  to  the tetanus toxin, and to the diph- 
theria toxin ; and also upon the changes in the nerve cells of rabbits  inoculated with 
the poisons of  the rattlesnake and of  Heloderma.  See preliminary report before the 
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the necessity of going over the normal, it may be of service.  At the 
sanle  time,  throughout  the  studies  in  normal  cytology,  the  original 
purpose  has  been  kept  clearly  in  view.  Tiros  there  has  been  no 
attempt  at  a  study  of  all  the  nerve  cells  of  the  normal  rabbit  and 
guinea-pig.  Only  the  cells  from  certain  definitely selected  regions 
of the  normal  central  nervous  system  have  been  selected  for  study 
in  order  that  they  might  furnish  a  basis  for  comparison  with  cells 
from the same regions of probably pathological nervous systems in the 
same animals. 
The  first part  of this paper  is  devoted  to  a  description  of normal 
nerve cells of the rabbit,  and the second part  (p.  581)  to a  considera- 
tion of the changes in these cells in rabies. 
HISTORICAL  REVIEW. 
Before presenting the  results of our  study of the  structure  of the 
nerve  cell in the  normal  rabbit,  it is  desirable  to  review  briefly the 
present  state  of our  knowledge concerning  the  internal  structure  of 
the nerve cell in general.  A  full presentation of the existing knowl- 
edge upon this subject is contained in Barker's admirable book  "  The 
Nervous  System and  its  Constituent Neurones"  (31). 
So profound an influence had the introduction of Nissl's methods of 
staining nerve cells, the first of these published in 1885  (1), that it is corn 
venient to  divide the history of the  development of  our  knowledge of 
the internal structure of this cell into the periods before Nissl and after 
Nissl.  In the earlier period the majority of investigators described the 
internal  structure  of  the  nerve  cell  as  fibrillar  in  character.  Between 
the  fibrils  was  a  ground  or  basement  substance,  homogeneous  or 
finely granular, about which little was said.  Opposed to this early idea 
of a fibrillar structure of nerve cells was a smaller group of investigators, 
anlong them Key and Retzius (2), and Arndt (3), who described the pro- 
top]asm of the cell as homogeneous or gramllar, with larger masses scat- 
tered through it; to an arrangement of these granules in rows or threads 
they attributed the fibrillar appearance  noted by other  writers. 
The principles of Nissl's method are extremely simple.  Briefly, they 
consist  in the  use  of a  quick fixative, such  as  alcohol, and subsequent 
staining  with  one  of  the  basic  aniline  dyes,  such  as  methylene  blue. 
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his  method  (certain  variable  pigmented  deposits  excepted)  two  dis- 
tinct  substances:  1,  a  stainable  substance,  which  reacts  strongly  to 
basic  aniline  dyes;  and  2,  a  non-stainable  substance,  i.  e.  one  which 
fails to react to basic aniline  dyes. 
Based upon  this  reaction  and upon variations in arrangement,  which 
the  stainable  substance  presents  in different cells,  Nissl  (4)  has  formu- 
lated  a  system  of  classification  of  nerve  cells  as  follows: 
1.  Cells  which  react only as to  their  nuclei  to the basic anilines,  the 
cell  body  remaining  unstained.  Of  these  cells,  Nissl  recognizes  two 
subgroups: 
(a)  Cytochromes.  These  are  the  cells  formerly  spoken  of  as 
"granules,"  those  of  the  molecular  layer  of  the  cerebellum  being  an 
example.  The  nucleus  is no  larger than  that  of the neuroglia  cell. 
(b)  Caryoehromes.  The  cell  body  is  usually  free  from  chromatin 
and  consequently unstained.  Rarely a  small  bit of stainable  substance 
is  found  to  one  side  of  the  nucleus.  The  nucleus  resembles  that  of 
other nerve cells,  and is larger than  that  of neuroglia  cells. 
In  neither  of these  cells  is  there  by this  method  any  definitely  out- 
lined cell body, and yet that they have very definite cell bodies, and that 
to at least one other stain these bodies present the  same reaction as do 
those  of other nerve cells, has been shown by the method of Golgi. 
2.  Cells whieti react both as to their nuclei  and as to their cell bodies 
to the  Nissl  stain.  To  these  cells  Nissl  has given the  name  " somato- 
chromes."  He recognizes  three subgroups: 
(a).  Arkyoehromes  or  cells  in  which  the  chromatic  substance  is 
present  in  the  form of  anastomosing  chains,  making a  coarser  or finer 
meshwork; as, for examt)le, in  the  Purkinje  cells of the cerebellum and 
in  the  mitral  cells  of  the  olfactory  lobe.  Again  subdividing,  he  de- 
scribes  two  types  of arkyoehrome cells: 
(a).  Enarkyoehromcs  or  cells  in  which  the  nodal  points  of  the  net- 
work  are united  bv fine  threads  of chromatic  substance. 
(i~)- Amt)harkyochr~:mles or cells  in  which  the nodal  points arc united 
by heavier bands  or bridges  which  take  a  dense  stain. 
(b).  Stiehochromcs  or  cells  m  which  the  chromatic  substance  is 
arranged  in  more  or  less  distinctly  parallel  rows,  the  direction  of  the 
rows  usually  bearing  some  relation  to  the  contour  of  the  nucleus  and 
to  that  of the  periphery  of the  cell  body.  To this  group  belong  such 
cells  as  the  large  cells  of  the  ventral  horn  of  the  cord,  the  spinal- 
ganglion  cells,  some of  the  cells  of  the  eornu  Ammonis,  and  some  of 
the  cells  of  the  cerebral  cortex. 
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in  the  form  of fine  granules.  Such  cells  Nissl  describes  in  the  corpus 
striatmn. 
This classification  Nissl at first believed  to be of both morphological 
and physiological significance; i.  e.  that  each morphological type of cell 
corresponds to a  physiological function.  While  this  appears to be true 
within  certain  narrow  limits,  the  classification  is  now  accepted mainly 
in  a  morphological sense.  The importance  of this  classification in  the 
present instance  is that  Nissl claims, and is  supported therein by many 
other  investigators, that  these  types are perfectly definite,  not  only for 
man but  also for lower animals;  that  a  cell of a  given type found in a 
given  region  in  the  human  hervous  system,  will  be  found  to  occur  in 
precisely  the  same  or  analogous  region  as  we  pass  downward  through 
the  animal series.  Thus  in  studying cells from a  particular  locality in 
the nervous system o7 an animal, we should expect to find a correspond- 
ence  in  type  to  cells found  in  the  same  or  analogous  localities  in  man 
and  in  other  animals,  the  differences  being  only  within  the  range  of 
variation  of that  type. 
Again  recognizing  a  variation  in  staining  reaction  among  cells  of 
the  same type--a variation  quite  constantly  found,  and  believed  to be 
explicable  by  chemical  changes  dependent  upon  the  metabolic  condi- 
tion  of  the  eell--Nissl  has  classified  cells  of  the  same  ldnd  according 
to  their  different  chromatic  reactions.  In  some  cells  the  chromatic 
elements  are  closely  packed  and  the  cell  consequently  takes  a  dense 
stain; these he describes as in the pyknomorphous condition.  In others, 
the  chromatic  elements  are  more  loosely  distributed,  and  these  cells, 
staining less intensely,  are said to be in the apyknomorphous condition. 
A  mean  condition  between  these  two  is  designated  as  parapykno- 
morphous.  A  condition  in which  the  entire  cell body stains  intensely, 
there  being  apparently,  little  or  51o  non-stainable  element  present,  is 
designated  by  Nissl  as  ellromophilic.  The  significance  of  these  cells 
is  not  clear.  Their  occurrence  seems  to  be  more  common  after  some 
fxatives  than  after  others,  and  they  are  said  to  be  more  frequent  in 
portions  of  the  tissue  exposed  to  the  direct  action  of  the  reagent. 
Opinion  tends  to  their  interpretation  as  artefacts. 
The physical and the chemical nature of this stainahle element of the 
nerve  cell,  or  more  properly,  of  that  element  of  the  cell  bodv  which 
presents  such  a  definite  reaction  to  the  Nissl  stain,  still  furnishes  a 
wide  field  for  investigation  an(]  discussion.  Von  Lenhossbk  (5),  IIeld 
(6), de Quervain (7) agree that this substance, as seen in sections of hard- 
ened  luaterial,  is,  however  homogeneous  in  appearance,  really  granular 
in  character.  Following  up  this  idea,  Held  and  yon  Lenhoss6k  inves- 554:  Morpho!ogy  o[  Ga'~tglion  Cells  ,in  the  Rabbit 
tigated  the  conditions  in  fresh  material.  The latter,  in  spinal-ganglion 
cells, freshly teased in an indifferent medimn, could see, in addition to 
the nuclear structure, only a finely granular protoplasm, without definite 
structure  or  arrangement.  Held's  investigations,  while  corroborating 
those  of  yon  Lenhoss~k,  went  farther.  Fresh  nerve  cells,  examined 
immediately after removal in a  passive medimn,  showed distinetlv  out- 
lined  nuclei with  nucleoli, but  in the  protoplasm  of the  cell bodies no 
formed elements whatever.  These remained perfectly clear and holno- 
geneous,  or slightly granular,  depending largely llpon rapidity  of tech- 
nique,  being  the  more  clear,  the  sooner  after  removal  the  cells  were 
examined.  With  methylene  blue,  in  dilute  solutions,  he  obtained  a 
reaction showing granular masses,  even in cells  so fresh  as  to  show no 
structure  when  examined  unstained.  He  considers this  due  to  a  fixa- 
tive  action  of the  methylene blue.  By  subjecting  these  fresh  cells  to 
the  action  of  the  various  fixing  agents  commonly  used  in  the  Nissl 
technique,  tteld  claims  to  have  observed in  his  previously  clear proto- 
plasm  the  formation  of granular  masses,  which  he  considers  identical 
with the Nissl bodies as revealed by the usual Nissl procedure.  In sec- 
tions of hardened material, stained blue with erythrosin and methylene 
blue, he finds the Nissl granules embedded in a homogeneous coagulum- 
like  mass,  which  stains  violet in  eontra-distinction  to  the  blue  of  the 
granules and to the red of the acidophile elements of the cell. 
Investigations  have  been  made  also  by  tIeld,  IIalliburton  (8), 
Macallum  (9), and  others  upon  the  chemistry of the  Nissl  bodies  with 
the following general results:  They are soluble in alkaline fluids of all 
strengths,  and  insoluble  in  acids,  ether,  and  alcohol.  They  respond 
to  tests  for phosphorus  and,  according to  ~acallum,  to  tests  for iron. 
As  a  result  of his  investigations,  both  histological  and  chemical,  Held 
concludes  that  in  the  Nissl  bodies  we  are  dealing  with  a  phospho- 
albumin,  similar  to  the  nucleo-albumins;  that  in  the  living  cell  this 
phospho-albmnin  exists in  solution among the other ingredients  of the 
protoplasm;  that  the  action  of  fixatives  is  to  cause  a  coagulation  or 
precipitation  of the  albmninoid  subst~once  and  in  this  way  to  give  rise 
to  the  Nissl  picture.  Opposed  'to  this  view  are  the  findings  reported 
by Flemming of masses representing Nissl bodies in fresh cells. 
As  to the  structure  of that  portion of the  cell body which  does not 
react  to  the  Nissl  stain,  three  main  theories,  each  founded  upon  the 
studies  of  its  originator,  and  supported  with  certain  minor  modifica- 
tions by what may be termed his " school," exist: 
1.  That  the  structure  is  fibrillar  in  character.  Originating  with 
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Nissl  ideas, it has been supported by Ranvier (27), Boll (28),  Schwalbe 
(29),  Kronthal (12),  Dogiel  (13), in a  modified form by Flemming  (14) 
and  E.  Miiller  (15),  and  more recently by Bethe  (16),  Becker (17)  and 
Apathy  (18).  That  all  of  these  believers in  the  fibrillar  structure  of 
what we may call the ground substance  of the nerve cell, are in agree- 
ment as to the  structure and arrangement  of these  fibrill~e  is far from 
true.  The early supporters  of this doctrine looked upon the nerve cell 
as  essentially fibrillar,  the  fibrils  being merely held  together by a  web 
of interfibrillar cement.  Bethe and  Aphthy, among the  recent invcsti- 
gators,  strongly support the fibrillar theory.  Bethe describes minutely 
the  course  of  the  fibrils  entering  and  leaving  the  cell  by  its  various 
processes, the fibrils seeming to pass through the cell body, rather than 
to be an integral  part  of its organization.  Apfithy's ideas  of both  the 
intra-cellular and the extra-cellular courses of the fibres are even more 
complex than  are  Bethe's.  Both  as  yet need confirmation. 
2.  Biitschli (30),  extending to nerve cells his theories concerning the 
foam-like structure of protoplasm in general, sees in these cells a honey- 
comb structure, the  whole cell body being made  up  of a  great number 
of  superimposed  elementary  cells  or  compartments  after  the  fashion 
of a  honeydomb.  He explains the discrepancies in the results of other 
investigators as largely due to the  different pictures presented by these 
structures,  depending  upon  thickness  and  upon  direction of  the  plane 
of  section.  In  some  of  his  most  recent  writings,  Held  seems  to  sub- 
scribe,  with  certain  reservations,  to  the  theory  of  Biitschli.  He  be- 
lieves, however, that  these honeycomb structures  represent artefacts  of 
t~xation,  rather  than  structures  preexistent  in  the  protoplasm  of  the 
living cell. 
3.  The idea of a  distinct reticular structure vdthin the non-stainable 
substance of Nissl receives the support of Ramon y Cajal (19), Held (20), 
van  Gehuchten  (21),  Van  Gieson  (22),  and  Ewing  (23);  Held,  as 
already stated,  accepting Biitschli's  theory as a  possible  explanation  of 
the  reticular  appearance.  This  reticulum  traverses  with  its  strands 
a  more  fluid  element,  the  cytolymph or  cytoplasm.  Held  describes  in 
very thin  sections, stained with erythrosin and methylene blue, a  gran- 
ular  appearance  of  this  reticulum,  and  in  the  axis-cylinder process  an 
arrangement  of these granules in rows, giving the  appearance of stria- 
tions  or  tlbrill~e. 
Special  attention  has  been  called  by Rosin  (24),  to  the  micro-chem- 
ical differentiation of the constituents of the cell body, the Nissl bodies 
reacting  to  the  basic  dyes,  while  the  ground  substance  is  acidophilic 
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METt{ODS. 
Material.--For  tlm  study  of  normal  cells,  six  rabbits  were  used. 
Those were  selected  which  had  been  for  some  time  under  observation, 
none having been previously used for experimental purposes,  or having 
shown  any sign  of disease.  All were perfectly healthy  normal  rabbits. 
]~abbits  of medium weight  were chosen without  reference to  sex.  The 
internal  organs were normal. 
Methods  of Killi~%--Rabbits  Nos.  I  and  2  were killed by chloroform 
in an air-tight jar  of about ten  litres,  so that  beyond the  amount  orig- 
inally  in the  jar,  no  air was  admitted with  the  chloroform;  there  may 
therefore  have  been  some  asphyxiation.  These  rabbits  were  uncon- 
scious  at  the  end  of three  minutes,  when  dissection  was  begun. 
Rabbit No. 3 was killed by chloroform in the open air, dying in about 
five minutes. 
Rabbit No. 4, killed by ether in a jar partially air-tight, died in. about 
six minutes. 
Rabbit  No.  5,  killed  by cutting  the  throat,  bled  to  death  almost in- 
stantly. 
Rabbit No.  6 was killed  instantly by a blow on the back of the neck. 
From the  standpoint  of convenience, the method of placing the  ani- 
mal in an air-tight jar with  sul~cient  chloroform to kill it,  is the  most 
satisfactory.  The  other  methods  served  as  controls,  it  seeming  easily 
within the range of possibility, that  certain cells, as, for example, those 
of  the  olfactory lobe  might  present  modifications  in  their  finer  struc- 
ture  due to the  action of such  irritant  substances  as  ether,  chloroform, 
or  carbonic-acid  gas.  It  was  with  this  possibility  especially  in  view 
that the methods adopted for rabbits 5 and 6 were selected. 
Comparative  studies  upon  the  effects  on  the  finer  structures  of  the 
nerve cell of these  different methods  of killing  showed that  no  specific 
effects--at least  none  demonstrable by the  Nissl  technique--were  pro- 
duced  by the  different  modes  of  death  used.  Cells  front  rabbits  killed 
by the  different methods  and then subjected  to the same technical  pro- 
cedures,  presented  an  extremely uniform appearance. 
Fi:ratio~,  a~d  Harde~d'nq.--In  all  eases  the  brain,  cord  and  spinal 
ganglia were removed as quickly and  as carefully a~ possible, cut trans- 
versely into thin  slices by a sharp razor wet with normal saline solution, 
and  transferred  immediately to  the  fixative. 
Rabbit No.  1.--Alternate  sections of the brain and  cord  were put  in: 
Mercuric  chloride  ...........  5. 
1.--Lang's  fluid...  ......  Sodium  chloride  .............  lk 
'  Acetic  acid  .................  5. 
Water. .....................  100. Frederick  Randolph  ]3ailey  557 
Acid  acetic  gl ...............  :tO. 
2.--Van  Gehuchten's  fluid  Chloroform  .................  30. 
Alcohol  abs .................  60. 
In each of these fluids  the material was allowed  to remain 12  hours. 
That  subjected to  the  Lang fixation was  then passed  through graded 
alcohols 40~, 60~, 80~, to absolute.  To alcohols 80;Z and absolute, tinc- 
ture of iodine was added until decolorization ceased.  Van Gehuchten's 
fluid was followed by absolute alcohol, changed frequently until all trace 
of acid reaction had disappeared. 
Rabbit 1~o. 2.--The central nervous system was fixed in situ, by injec- 
tion through the  ascending aorta  of normal salt  solution  at  100 °  F., 
followed by a  105  aqueous  solution of formalin at  the  same  tempera- 
ture.  Brain,  cord,  and  ganglia  were  then  removed  and  placed  in 
formalin 10~, followed by graded alcohols. 
Rabbit No.  3.---Fixation of alternate slices  in:  1.  Absolute alcohol. 
2. Formalin 5~ for 13  hours, followed by graded alcohols. 
Rabbit No.  4.--Van  Gehuchten's fluid. 
Rabbit No.  5.--Fixation of alternate slices  in:  1.  Van  Gehuchten's 
fluid.  2.  Formalin 5~. 
Rabbit  No.  6.--Fixation of  alternate slices  in:  1.  Absolute alcohol. 
2.  Formalin 10~. 
Embedding.--For  most of the work celloidin was used.  It allows  of 
sections  quite  thin  enough for  comparative purposes.  Sections  6/~in 
thickness are  easily obtained and  may be  taken in  series  sa  as  to  in- 
clude  the  whole  of  a  particular  cell.  With  care  in  embedding,  sec- 
tions 4/~ thick may be made, and by painting a  thin layer of celloidin 
over the block before each section it is  not difficult to  cut sections of 
2/1.  Such thin sections are used only in studying the finer details of 
cell  structure.  A  few  segments  were  embedded  in  paraffine,  which 
allows of even thinner sections and is a little more convenient for serial 
work.  For  general  work  I  prefer  the  celloidin  embedding.  Unless 
otherwise stated, 6/~ is the standard thickness of section. 
Section Cutting.--In  addition to what has been said, I  desire to era- 
phasize  the extreme importance of uniformity in thickness of sections. 
When one is dealing with such structures as  those which make up the 
nerve cell,  very different pictures are presented with varying thickness 
of section.  It  is  therefore necessary in  all  comparative work,  especi- 
ally where the comparison is between  normal cells and cells presumably 
pathological,  to  know  the  thickness  of  section  and  to  compare  only 
cells from sections of like thickness. 
Staining.--For the greater part of the work the staining method used 
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is that of Nissl with modifications suggested by Held  (6  and 20).  Sec- 
tions are first stained in a  solution consisting of: 
Erythrosin,  1 
Aqua dest.,  150. 
In  this  solution the  sections are  warmed for about  2  minutes, after 
which  they  are  thoroughly  washed  in  water  and  transferred  to  the 
following : 
Methylene blue,  3.75 
Venetian  soap,  1.75 
Aqua  dest.,  1000. 
To this is  added after perfect  solution an equal volume  of a  5% aq. 
sol.  of acetone.  In this stain the section is heated until the acetone is 
driven off.  It is then decolorized in a  0.1% aq.  sol. of alum, washed in 
water,  passed  through  alcohols and  cleared  in  oil  of  cajeput.  I  have 
been  accustomed  to  passing  the  specimens  through  alcohol  after  the 
erythrosin staining and  washing with water,  and  think that  a  sharper 
picture  is  Obtained by so  doing.  The  specimen is  then re-transferred 
to  water  before  staining  with  methylene  blue.  I  also  prefer  warm 
water for washing the  specimens after both stains as there is less ten- 
dency to  shrinkage  of  the  specimen than when it  is  transferred  from 
the  hot staining fluid  to  cold water. 
Of  these rabbits, numbered  1,  7, 3,  4,  5, and 6, the following cells 
have  been studied: 
1.  Stichochromes of the ventral horns and of the medullary nuclei. 
2.  Cells of the spinal  ganglia. 
3.  Purkinje  cells. 
4.  ~Iitral cells of the olfactory lobe. 
5.  Cells of the cerebral  cortex. 
6.  Cells of the basal ganglia. 
I.  SPINAL AND  ~IEDULLARY STIOttOCHROMES. 
Plate XXXIV,  Figs. 1, 2 and 3. 
In  the  cord  these  cells  are  found  mainly  in  the  anterior  horn. 
Some occur in the central and posterior  portions of the grey matter, 
and  well  out in  the  white  matter  along  the  course  of  nerve  fibres. 
They  are  most  numerous  in  the  cervical  and  lumbar  enlargements, 
and are  arranged  in  what  appear  on  cross  sections  to  be  ill  defined Frederick  Randolph  Bailey  559 
groups of cells, but which on longitudinal  sections prove te be longer 
or  shorter  columns  of  cells.  These  groupings  or  columns  are  less 
distinct  than  in  the  human  cord,  and  are  not  constant  for  different 
cords, for example,  a section throngh  the centre of exit of the second 
pair  of  lumbar  nerves  in  one  cord  would not  necessarily  show  the 
same  groupings  as  a  section  through  the  corresponding  locality  of 
another cord.  In the dorsal cord the cells are much fewer, and show 
but  little  grouping.  In  the  medulla,  these  cells  are  found  mainly 
in the  formatio  reticularis,  which  represents  the  breaking  up  of the 
ventral horn,  and in the nuclei of origin of the cranial nerves.  They 
vary  greatly  in  size  and  shape,  averaging  40  to  501~, being  rather 
smaller than similar cells of the human cord. 
A.  The  Nucleus  and  Nuclear  Contents.--The  nucleus  lies  ap- 
proximately  in  the  centre  of the  cell.  It  varies  in  diameter  from 
15  to 30/~,  averaging  about 20/~; in general the  larger  cells have the 
larger  nuclei,  but there is less .variation  in size of nuclei than in size 
of cells. 
The  nucleolus  is  spherical,  and  is  at  the  centre  of the  nucleus,  or 
part  way between  the  centre  and  the  periphery.  It  varies  in  size 
from 2 to 6/~.  It stains intensely with the basic anilines,  and when so 
stained may appear perfectly homogeneous  (Plate  XXXIV,  Fig.  1), 
or may show one or several round or oval areas of lighter color, resem- 
bling  vacuoles.  While  reacting  more  intensely  to  basic  dyes,  the 
nueleolus  is  far  from  unstainable  with  acid  dyes  such  as  eosin  and 
erythrosin,  which  stain  it  bright  red.  Rehm  (25)  counterstaining 
with a solution of carmine 1 part, liq.  ammon,  caustic 1 part,  in water 
100 parts  for five minutes,  then  decolorizing  five minutes  in  alcohol 
100 parts, potassium nitrate  1 part, stained the centre of the nueleolus 
red,  while  leaving  a  peripheral  rim  of  blue.  Ewing  (26),  in  sub- 
limate-hardened  specimens  treated  with  Ehrlich's  triacid  mixture, 
obtained  the  same result,  the  conclusion being that  micro-chemically 
the  nucleolus is composed of two parts,  a  central  acidophilic,  and  an 
outer  basophilic  zone.  Rehm  also claims  this  reaction  for  only  one 
intranuelear  body, which he considers the true nucleolus, the so-called 
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quently  present  in  pathological  nuclei,  reacting  to  only  the  single 
dye. 
I  have  been  nnable  to  confirm  these  claims  of  a  double  micro- 
chemical  staining  reaction  for the  nueleolus.  The  exact  appearance 
of the  nucleolus is dependent~  to. a large  extent,  upon the method of 
staining  and the details  of its application.  As has been stated, when 
stained with methylene blue alone, the nucleolus takes a homogeneous 
or vacuolated dark blue stain; the same is true when a light erythrosin 
stain  is followed by strong staining  with  methylene blue.  The  ery- 
throsin  stain  can~ however,  be made  so strong,  that  when  it  is  fol- 
lowed  by  a  weak  or  moderately  strong  methylene  blue  stain,  the 
red color remains.  Upon the border line lie those nucleoli in which 
an  overstaining  with erythrosin,  or an understaining  with methylene 
blue allows the  central  portion to retain its red color, while  covering 
over the surface with the blue stain.  This gives the appearance  of a 
blue rim with a red or purplish red centre.  By continuing the alcohol 
decolorization of such a specimen the blue rim may be removed~ lear- 
ing the entire nucleolus stained red.  In some of my specimens fixed 
in  formalin  and  in  van  Gehuchten~s  fluid~ sections mordanted  in  5% 
aqueous  solution  of  copper  bichromate,  and  then  stained  by  the 
Weigert-Pall  method  with  subsequent rather  under-decolorization~  a 
quite  different  appearance  was  presented  by  some  of  the  nucleoli. 
~In a homogeneous nucleolar ground substance, clear or faintly yellow~ 
are scattered fairly evenly a number of small~ irregular,  dark brown~ 
or black granules.  By a  ~  immersion lens extremely fine faint lines 
are seen to extend off from these gTanules~ giving the impression of a 
stainable  intra-nucleolar  reticulum  traversing  a  clear  unstainable 
ground substance.  That  such a structure  could exist~ and yet be en- 
tirely undemonstrable by such intense dyes as erythrosin and methyl- 
ene blue is certainly  within  the  range  of possibility.  The  nucleolus 
showed no variation in appearance  due to differences in fixation. 
The  i~#ra-~uclear  networl~ or  nucleo-reticulum.--Eliminating  the 
nucleolus, two nuclear substances remain~  the one stainable the other 
non-stainable.  The  former  reacts  rather  faintly  to  methylene  blue, 
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fine  granules.  These  granules,  especially  the  coarser  ones,  tend  to 
collect  around  the  nucleolus  and  to  extend  out upon  the  strands  of 
the network, thus surrounding the nuc]eolus with a somewhat stellate 
mass.  There  is  no  question  as  to  the  acidophile  character  of  this 
reticulum and of the granules,  for,  although  they can be stained,  the 
retieulum  faintly,  the  granules  quite  strongly  with  methylene  blue 
alone, when both stains are  used they invariably choose the  acid dye. 
The  meshes  of the  reticulum  are  irregular  and vary in diameter,  be- 
ing  smaller  near  the  centre  and  larger  near  the  periphery  of  the 
nucleus,  where  the  reticu]um  becomes continuous  with  the  limiting 
membrane.  This membrane  appears from its staining  reaction to be 
of  the  same  composition  as  the  intra-nuclear  network.  On  further 
analysis this reticulum  and membrane are seen to be covered, at ]east 
throughout  the  greater  part  of  their  extent,  by  fine  acidophile 
granules.  Whether  there  is  underlying  these  granules  a  true 
fibrillar  reticulum,  or  whether  the  whole  apparent  reticulum  is not 
merely the  result  of a  stringing  together  of granules,  many  of them 
beyond the power of the microscope to reveal,  I  have been unable  to 
determine. 
The  remaining  ground-substance  of the nucleus shows no evidence 
of any structure,  and  with  the  erythrosin-methy]ene-blue  stain  gives 
no  reaction.  In  specimens  which  have  been  treated  with  a  less 
selective dye than  erythrosin,  e.  g.  with a strong alcoholic solution of 
ordinary  eosin,  the  nucleus  often takes  a  rather  diffuse stain..  This 
may be due to an actual staining  of the ground substance or possibly 
to a retention of the dye within the fine meshes of the reticulum. 
Under  the  different  methods  of  fixation  used,  the  nucleus  and 
nuclear  contents  presented  a  very  uniform  appearance.  Formalin 
5~  and  10~  and  van  Gehnchten's  fluid  brought  out most  clearly the 
intra-nuclear  network.  It  was  especially  clear  in  rabbit  No.  2,  in 
which the nervous system was fixed in  situ with formalin  10~. 
B.  The  Cell Body.--(a).  The  stainable  substance  of  Nissl  is 
present in the form of irregular  masses or clumps of granules.  These 
masses are  of various sizes  and  shapes,  are  rather  coarsely granular 
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cell body and of the nucleus  (Plate XXXIV,  Fig.  1).  Around the 
periphery of the nucleus they are apt to form a fairly complete ring of 
blue  granules,  thus  emphasizing  the  nuclear  contour.  Near  the 
centre  of the cell these  so-called Nissl bodies are  densely packed to- 
gether,  thinning out  somewhat  towards  the  periphery  where  there 
is  often  an  area  entirely  or  partly  free  from this  substance.  This 
tendency to central concentration and a peripheral clear zone, I  have 
found more marked in formalin-hardened specimens, especially when 
a  10¢  solution was used, as in rabbit No.  2.  As a protoplasmic pro- 
eess  is approached the  masses become more  spindle  shaped,  until in 
the  process  itself the  granules  are  strung  out  in  long  narrow  rods 
parallel to the long axis of the process  (Plate XXXIV,  Figs.  1  and 
2,  a).  The amount of this stainable substance is  here much less,  in 
proportion to the non-stainable, than in the cell body proper.  That 
part of the cell in immediate proximity to the sxone is free from blue 
staining granules. 
In stained sections cut 6/~ and over in thickness, the Nissl bodies are 
dense blue, often quite homogeneous in appearance at their centres, and 
shading off to a lighter blue at the edges which always look granular. 
The thinner the  section,  the  less  extensive is  the  dense  central por- 
tion and the larger is the peripheral granular area, and in sections of 
2/J. and under the entire mass is granular.  In such sections and even 
in much thicker sections it  is  evident that the granules which make 
np  one  of  these  masses  are  not  evenly  distributed,  being  thickly 
packed in some places and in others farther apart.  This gives some- 
times a vacuolated appearance to a  mass.  Reference has been made 
(p.  554) to Held's description o.f a distinct embedding mass or coagulum 
in  which  the  granules  lie,  this  coagulum  staining  a  violet  color  in 
eontra-distinction to  the  blue  of the  basophile  granules  on  the  one 
hand and to the red of the acidophile element on the other.  In none 
of the  rabbit's  nerve  cells  which  I  have  studied,  either  normal  or 
pathological, have  I  been  able  to  make  out  an  5"  distinct embedding 
mass in which the granules are placed.  That such a mass may exist 
is  not at all improbable.  When we consider that in the contents of 
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snd hence of the greatest instability as well as potentiality, it would 
be rather surprising if there were not in these Nissl bodies, whatever 
their relation to the living cell, various constituents differing from one 
another in both chemical and physical features.  In specimens stained 
with erythrosin alone the Nissl bodies take a  red stain;  when placed 
in the methylene blue solution,  their greater affinity for that dye, or 
its  greater  intensity  causes  them  to  change  to  a  blue  color.  2Vfy 
observations, however, have been that there is in this process a certain 
covering-over of one  color by the  other,  and  not  an  entire  replace- 
ment of the red by blue; for, in most cases,  if, after the sfaining with 
methylene blue,  the deeolorization be  sufficiently pushed  (especially 
if  the  specimen  has  been  washed  in  alcohol  after  the  erythrosin 
staining and water washing),  the blue  may be entirely removed and 
the Nissl bodies will again be seen stained pink  or red.  Again it is 
noticeable that at the surface of a chromophilic body, where the indi- 
vidual  granules  are  separated  from  one  another  and  more  distinct, 
there is no appearance of a  substratum  of violet color,  and that the 
more compact the  mass  of granules,  the  more  clearly is  the  violet 
color seen.  Furthermore, the shade, toward blue or toward red, can 
be  varied at  will  by regulating the intensity of the  methylene blue 
stain  and  the  subsequent  decolorization.  It  would  thus  seem that, 
while an embedding mass for the chromophilie granules, of different 
composition and staining reaction than the granules themselves, may 
exist, the appearances observed in these rabbit's cells can be explained 
on purely physical grounds. 
In specimens stained with erythrosin and methylene blue, two con- 
stituents  of  the  cell  body  remain  after  elimination  of  the  chromo- 
philie bodies: one of these is stained by erythrosin and hence denom- 
inated acidophile, the other remaining unstained we will speak of as 
the truly achromatic element of the cell. 
(b).  The  acidophile  constituerd  shows  most  clearly  in  specimens 
stained with erythrosin and methylene blue after fixation in formalin 
or  van  Gehuchten's fluid.  It  takes  the  form  of fine  anastomosing 
threads, giving the appearance of a  distinct reticulum.  In the parts 
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pearance  of  the  reticulum  is  largely  obscured.  It  is  seen  to  best 
advantage  near  the  periphery  of  the  cell  and  in  the  larger  proto- 
plasmic processes  (Plate XXXIV,  Fig.  2).  Comparing it with  Ew- 
lug's description and drawing of the reticulum found in the large sticho- 
chromes  of the  human  ventral  horn,  the  threads  of this  reticulum 
(rabbits'  anterior  horn  cells)  appear  finer,  the  nodal  points  rather 
more  marked.  The  size  of the  mesh  is  fairly  uniform,  averaging 
from I  to  3/~ in  diameter.  The shape  of the mesh is  irregular and 
the  strands  of the  reticuhm are sometimes quite  smooth and  again 
wavy, looking very much like the outline of omental endothelium as 
seen  in  silver-nitrate  preparations.  As  the  reticulum  approaches  a 
protoplasmic process, its meshes elongate, and in the processes them- 
selves we have a reticulum with long, narrow irregularly rectangular 
meshes (Plate XXXIV, Fig. 2, a).  This reticulum extends out into 
very fine dendritic branches, in fact I have failed to find any dendrites, 
however small, in which there was no trace whatever of the aeidophile 
retieulum, though it was sometimes reduced to a single fibril.  As the 
retieulum approaches the axis cylinder process, on the other hand, the 
appearance of an anastomosing network is gradually lost, by the dis- 
appearance of the connecting fibrils, the reticulum passing over into, 
and  being  continuous  with,  fine  parallel  fibrillse  which lie  close to- 
gether and compose the axis cylinder (Plate XXXIV, Fig. 2, c). 
As  to  the  ultimate  structure  of this  retieuhnn,  I  am  inclined  to 
accept  tteld's  idea  already referred to,  that  it  is  made  up  of  rows 
of  staining  granules  upon  the  limits  of  microscopic  perceptibility. 
With a tleiehert ~s  immersion lens tile appearance of the reticulum 
was  not  always  altogether  uniform.  Some  parts  of  the  retieulum 
could be  resolved into  extremely fine  but  distinct  granules;  others 
looked  like  entirely  homogeneous,  anastomosing  fibrils.  The  fact, 
however, that portions of the retieulum appear granular in structure, 
these granules being at the limit of microscopic vision with the highest 
powers,  favors the hypothesis of a  granular structure  of the  entire 
retienlum, many of the granules being so fine as to be unrecognizable 
as such. 
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is seen to best advantage in  extremely thin sections after fixation in 
formalin or van Gehuchten's fluid and  staining with  erythrosin and 
methylene blue (Plate XXXIV, Figs. 2 and 3).  It shows most clearly 
in those parts of the cell where the basophile  element is  present in 
small  amounts,  e.  g.,  at  the  periphery of the cell  and  especially in 
some of the longitudinal sections of the protoplasmic processes.  Where 
the Nissl bodies are larger and more numerous, they extend over so 
many meshes of the reticulum and overlap each other in such a way 
as to obscure largely the acidophile network.  The basophile granules 
seem to be laid down upon and around the strands of the acidophile 
reticulum, forming, as it were, a sort of incrustation (Plate XXXIV, 
Fig. 3).  Each of the larger blue masses covers over several meshes of 
the reticulum and only at their edges can the fine rows  of granules 
extending off into  the  delicate lines  of the  retieulum be  seen.  In 
extremely thin sections fine pink lines and irregular red spots  (Plate 
XXXIV,  Fig.  9., b) may sometimes be seen within the Nissl bodies, 
especially near their edges, which would seem to be strands and nodal 
points  of the acidophile reticulam.  In  transverse sections of proto- 
plasmic  processes  the  long  chromatic rods  are  seen  in  cross section 
and  appear  round,  oval  or  somewhat irregular.  These  often  show 
a  minute pink dot  (Plate XXXIV,  Fig.  2,  b),  usually situated near 
the centre of the granule.  This dot is sometimes so minute as to be 
barely  visible;  sometimes  larger  and  more  irregular.  There  may 
be several pink points instead of one.  I  believe that these pink dots 
represent strands of the acidophile retieulmn in cross section and that 
the larger an8 more irregular bits of pink represent sections through 
nodal points of the retieulum. 
(c).  There  remains  that  constituent  of  the  cell  which  with  the 
erythrosin-methylene-blne staining  is  entirely achromatic.  The  de- 
scription already given of the achromatic part of the nucleus (p.  561) 
applies  equally to  the  achromatic part  of the  cell  body.  It  is  un- 
stained  and  apparently  structureless.  Certain  other  dyes,  however, 
either stain this ground substance or are retained within the meshes 
of the reticulum. 
I  have  repeated  with  some  modifications  the  experiments  of 
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The specimens consisted of bits of the ventral horns from the lumbar 
cords of rabbits  and guinea-pigs.  The animals were chloroformed, the 
hits of cord removed as soon as anmsthesia began, and quickly teased apart 
in the following media, all at a  temperature of 100 °  F. : 
1.  Solution  of  sodium  chloride  0.6~.  Nucleus  and  nucleolus  dis- 
tinctly ~'isible; no evidence of any chromophilic bodies. 
2.  0.6¢  sol.  sodium chloride, to  which was  added sodium hydrate to 
0.2~4¢,  or  about the  alkalinity of the  blood.  No  ehromophilic  bodies 
seen. 
3.  0.6¢  sol.  sodium  chloride,  to  which  was  added  sufficient hydro- 
chloric acid to have neutralized, volume for volume, the above alkaline 
solution.  In  this  preparation  indistinct  irregular  clumps  of  granules 
were visible which stained on the addition of methylene blue. 
4.  0.6~  sol.  sodium chloride, to  which was  added methyler~e blue  to 
0.01¢.  No  chromophilic  bodies  could  be  seen. 
5.  0.6¢  sol.  sodium  chloride,  plus  sodimn  hydrate  to  0.224~  plus 
methylene blue to 0.01¢.  Result negative. 
6.  0.6¢ sol. sodium chloride, plus hydrochloric acid sufficient to have 
neutralized  an  equal  quantity  of  the  above  alkaline  solution,  plus 
methylene blue  to  0.01S'.  This  preparation  showed  di.~tinct  and  well 
formed chromophilic bodies. 
7.  0.6g sol.  sodium chloride plus  0.1g methylene blue.  Showed dis- 
tinct chromophilic bodies. 
8.  0.6g  sol.  sodium  chloride,  plus  sodium  hydrate  to  0.221~,  plus 
0.1g methylene blue.  Showed no chromophilic bodies. 
9.  0.6¢  sol.  sodium  chloride,  plus  1¢  methylene  blue.  Distinct 
chromophilic bodies. 
The results may be summed up as follows:-- 
(1).  Nerve  cells  examined  immediately  after  removal  in  warm 
normal  saline  solution  neutral  in  reaction,  in  normal  ssline  solution 
of  approximately the  alkalinity of  the  blood,  and  in  the  same  plus 
a  small  amount  of  methylene  blue  (0.01~),  showed  nothing  corre- 
sponding to Nissl bodies. 
(2).  In warm  normal saline  of slightly acid reaction,  an indistinct 
clumping  of granules  was  observed,  which  stained  on  the  addition 
of methylene blue  and  resembled  ehro.mophilie bodies. 
(3).  In no.final saline of slightly acid reaction plus methylene blue 
(0.1N  or 0.01¢),  and in normal saline of neutral reaction plus methyl- 
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Such observations tend to confirm the belief expressed by Held that 
the  chromophilie  bodies  in  the  Nissl  preparations  represent  merely 
the precipitation--the  result  either  of post-mortem changes or of the 
action  of fixatives--of  a  substance  or  substances  previously  held  in 
suspension or in solution in the protoplasm of the living cell. 
An attempt  was also made to  stain  the  eytoreticulum  of the  fresh 
cell with erythrosin, but with negative result.  Such failure, however, 
does not disprove the existence of such a reticu]um  in the living cell, 
inasmuch as its structure is so delicate and requires such careful tech- 
nique  that  it  is difficult of demonstration  even  in  hardened  prepara, 
tions.  From  observations  upon  both  fresh  and  hardened  tissues  I 
am  of the  opinion  that,  whether  existent  in  the  living  cell  or  not, 
whether  a  true  reticu]um  or  some  such  structure  as  that  described 
by  Biitschli,  the  strands  of the  acidephile  mesh  are  formed  before 
the  chromophi]ic  bodies, and  that  the  latter  are  the  result  of a  pre- 
cipitation  of fine granules  which  are  caught  in and  upon the meshes 
of the  reticulum. 
2.  NERVE CELLS OF THE SPINAL GANGLIA.  Plate XXXIV,  Fig.  4. 
Ewing, in his " Studies on Ganglion Cells," sums up our knowledge 
of the human spinal ganglion cell, resulting from the investigations of 
yon  LenhossSk,  Held,  Flemming,  Nissl,  Cox,  and  Heimann,  as 
follows:  The  cells  vary  from  60/1 to  80/~ in  diameter,  sometimes 
reaching  120/~.  Each  cell  is  enclosed in  a  connective-tissue  capsule 
lined  by a  single  layer  of endothelium.  In  the  normal  living  con- 
dition  each  cell  completely  fills  the  enclosed  space.  The  cells  are 
unipolar,  the axone  taking  origin  as  usual  from  an  achromatic  area. 
Flemming describes three varieties according to the size and arrange- 
ment  of the chromatic  masses.  Cox mentions  two varieties--one  in 
which  small  irregular  chromatic  masses are  present without  definite 
concentric arrangement,  the other in which large irregn]ar  chromatic 
bodies  are  arranged  concentrically.  Ewing  in  human  beings,  and 
Heimann in the rabbit distinguish but a single type of spinal-ganglion 
cell,  and  with  this  my own  observations coincide. 
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vary in size from 20 to 80/~.  They are round or show sides flattened 
by pressure of contiguous cells.  The nucleolus presents the same ap- 
pearance as in  the ventral horn  cells.  It is common for a nucleus to 
have  two  or  more  nucleoli.  The  intra.nuclear  network  is  rather 
coarser  than  in  the  spinal  stiehoehromes.  The  arrangement  of  the 
basophile substance varies so greatly as to have led some investigators 
to  differentiate  several  types  of  ganglion  cells.  It  always  appears 
granular  and the  granules  are  as a  rule  quite coarse.  They may be 
scattered fairly evenly throughout  the  eel] with no arrangement  into 
ehromophile  bodies  (Plate  XXXIV,  Fig.  4,  b),  or  there  may be  a 
peripheral  zone  or both  peripheral  and  peri-nuelear  zones,  partly  or 
entirely  free from  chromatic  granules.  In  other  cells the  granules 
are collected into distinct masses, very irregular  in shape, but having, 
in general, concavities towards the nucleus and convexities towards the 
periphery  of the cell (Plate XXXIV,  Fig. 4,  a  and aP).  Taking the 
extremes of these ce]ls,  it is easy to construct a description of two dis- 
tinct  t~'pes  of ganglion  cells.  Between these  extremes,  however,  all 
gradations  exist,  and  these,  in  view  of  the  similarity  in  shape,  the 
uniform  unipolarity  and  the  constant  connective-tissue  capsule,  sug- 
gest minor variations,  pro  bab]y physiological, in a  single Wpe of cell, 
rather  than  several distinct  types. 
The  cyto-reticu]mn in  these  cells is fine  both  as to its  strands  and 
size  of  mesh.  It  is  usually  clearly  seen  near  the  periphery  of the 
cell  but  much  obscured  in  the  deeper  parts.  The  re]ation  of  the 
basophile  granules  to  the  acidophile  reticulum  is  very  well  demon- 
strated in some of these ce]ls, and is the same as that described in the 
spinal stiehochromes. 
3.  ~ERVE C~LLS OS T~E C~REB~LLU~.  Plate  XXXIV,  Fig.  5. 
In the cerebellum, the only cells of special interest when subjected 
to the  method  of -Xiss], are  those  of Purkinje.  Formerly classed as 
arkyostichochromes, these cells Nissl now includes in the arkyochrome 
group.  They  lie  as  a  distinct  row  of  cells  at  the  junction  of  the 
molecular  layer with  the granular  layer,  their  cell  bodies embedded 
in the  latter.  The  point  which  makes  them  of most  interest  when Frederick  Randolph  Bailey  569 
subjected to this method of staining,  is their  possible function as the 
motor  cells  of  the  cerebellum,  presiding  over  the  government  of 
equilibrium.  This  and the  fact that  they seem to be rather  quickly 
and  easily affected by pathological conditions,  adds interest to a  close 
study of their normal  appearances. 
The nuc]eolus presents the same appearance  as in the cells already 
described.  It  is  not  uncommon  to  find  two,  three,  or  even  more 
nucleoli.  The nucleus is  small,  in proportion to the  size  of the cell, 
round,  and  situated  at  the  base of the  cell.  The  intra-nuclear  net- 
work may be either coarse or fine meshed. 
The chromatic substance (Plate XXXIV, Fig.  5) is arranged  some- 
what  like  that  in  the  spinal  ganglion  cells,  i.  e.,  masses of granules 
lying as longer or shorter curved rods with their long axes parallel to 
the  contour  of the nucleus  and  of the  cell periphery,  and their  con- 
cavities directed centrally.  The  cells differ from those of the  spinal 
ganglia  in the wider separation  of the  Nissl bodies, and  in the much 
closer packing of the extremely fine granules which  make up a  chro- 
matic mass.  These granules in many cases are so fine as to give the 
chromophilic  bodies  a  homogeneous  appearance.  The  chromatic 
substance  is  most  abundant  near  the  centre  of  the  cell,  becoming 
rapidly less towards the main  dendrite.  In most of these cell bodies, 
the  cytoreticulum  is  indistinct,  owing,  often,  to  the  diffuse  staining 
of the  ground  substance.  In  the  neck  of the  cell,  and  in  the  main 
dendrite,  where  the  mesh  becomes elongated,  there  is  an  extremely 
clear  demonstration  of  the  cytoreticulum  and  of  its  relation  to  the 
chromophilic  bodies.  There  may  be  a  well  marked  nuclear  cap  of 
ehromophilic substance (Plate XXXIV, Fig.  5,  b), and the chromatic 
pyramid  at  the  bifurcation  of the  main  protoplasmic  trunk  is quite 
large.  Chromatic  rods  are  found  in  the  smaller  dendrites  as far  as 
they can be traced in the section. 
4.  NERVE CELLS OF TttE OLFACTORY  LOBE.  Plate XXXV, Fig. 6. 
The  accompanying  diagrams,  Figs.  A  and  B,  of  the  exterior  of 
the  rabbit's  brain  show  the  situations  from  which  sections  of  the 
olfactory lobe and of the cerebral cortex were taken.  The dimensions 570  Morphology of  Ga~glion Cells in  the  Rabbit 
are  approximately  normal  for  a  medium-sized  rabbit.  The  localiza- 
tion given is that  of Mann.  Speaking generally,  this  localization  of 
funetion is probably fairly accurate, though most other experimenters 
have failed to make out quite as definite limits to the functional areas. 
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FIG.  |1. 
F,as.  A  andB.--Represent  Gross  Anatomy  of  Surface  of  Rabbit's  Brain.  LoeaI- 
ization  according  to Mann, 
FIa.  A.--Rabbit'sBrain.  Dorsal  view. 
FxG.  B.--Rabbit'sBrain.  Lateralview.  Dotted  lines show situations  from  whieh 
sections  were taken. 
The  dotted lines  of Fig. 13 represent  points at which sections were 
taken.  Owing  to  the  very  considerable  difference  in  size  of  brain 
in  large  and  small  rabbits,  these  points  were  fixed  by bisecting  the 
distanee between two fixed points,  rather  than  by a  definite measure- 
ment in millimetres  from any one point. 
Fig.  C  is  a  low  power  drawing,  slightly  diagrammatic,  from  an 
antero-posterior  section  through  the  middle  of  the  olfaetory  lobe, Frederick  Randolph  Bailey  571 
corresponding to dotted line 1, Fig. B,  extending from the surface to 
the  ventricle.  The  section  was  stained  with  methylene  blue  alone. 
it shows the layers o~ the olfactory  lobe as given by Ramon y  Cajal. 
Van  Gehuehten examining these  cells  by  Golgi's  method  interprets 
the appearances as ~o]lows: 
F~o. C. 
Low  Power  Drawing,  slightly  diagrammatic~ of  Antero-posterior  Section  through 
Middle  of  Olfactory  Lobe,  corresponding  to  dotted  line  1  of  Fig.  B,  from  surface 
to ventricle. 
1.  Pia Mater. 
2. ~ a.  Layer of Olfactory Fibres. 
(  b.  Layer of Olfactory Glomcruli. 
c.  Inferior Molecular Layer. 
3.  Layer of Bipolar  Cells (Mitral Cells). 
4.  Layer of  Nerve Fibres and Granules:  the Superior Molecular Layer. 
5.  Epithelial  Layer. 
1.  Lying  just  underneath  the  pia  mater  is  a  layer  formed  by 
bundles of the peripheral olfactory nerve fibres.  These are the axis- 
cylinder processes of the bipolar  ceils of the  olfactory mucous mere- 572  Morphology  of  Ganglion Cells in  the  Rabbit 
brane.  These  axis-cylinder  processes  terminate  freely,  either  di- 
rectly or after bifurcation, in the glomerules. 
2.  Beneath this is a layer of grey matter rich in nerve cells.  These 
are  mostly  of  the  bipolar  type,  and  are  called  the  layer  of  bipolar 
cells.  At  the  junction  of  this  layer  with  the  next  internal  one,  a 
considerable number of these cells are arranged  in a row, much  after 
the fashion of the Purkinje  cells of the cerebellum.  The  axis cylin- 
der processes of these  bipolar or mitral  cells pass downward into  the 
white matter.  Their  protoplasmic  processes terminate  either  freely 
or by arborization in the olfactory glomeruli. 
3.  An  internal  layer,  formed  by  bundles  of  nerve  fibres  of  the 
olfactory tract,  intermingled  with  groups  of small  nerve  cells. 
From  Fig.  (:  and  the  description  just  given,  it  will  be  observed 
that  the  great  mass  of  the  cells  of  the  olfactory  lobe  are  of  the 
"granule"  type,  corresponding  in  appearance  to  the  cells  of  the 
granular  layer of tile cerebellum.  These  are  caryochromes and  con-. 
sequent]y possess little  interest when stained by the method of Nissl. 
The  layer  of  mitra]  cells,  however,  is  composed  of  somatochromes 
which react characteristically to the Nissl technique. 
The section from which the cells in Plate XXXV, Fig. 6, are taken, 
is a  median  transverse section of the  olfactory lobe corresponding  to 
dotted line  ~,  Fig.  :B.  Both cells are  situated  in  the  line  of bipolar 
cells marking the outer border of the internal granular layer.  Cell a, 
Fig.  6,  shows two  processes, the  one  to  the  right  passing  downward 
into  the  granular  layer,  the  one  to  the  left  passing  toward  the 
periphery.  Both of the processes of cell b pass in the latter direction. 
1.  The  nucleolus  is  usually  eccentrically  situated.  It  does  not 
differ from the nucleoti already described.  There may be more than 
one. 
2.  The  nucleus  is  large  in  proportign  to  the  size  of  the  cell,  is 
spherical  or  slightly  ovoid in  shape--in  the  latter  case its  long  axis 
corresponding to the long axis of the  cell--and  is usually situated  in 
the centre, more rarely near the inner surface of the cell.  The intra- 
nuclear network is  rather  coarse, is well defined, stains  strongly,  and 
there  is  a  rather  large  amount  of granular  acidophile  substance  just 
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3.  The chromophilic bodies are of all sizes  and shapes.  They are 
coarsely granular,  the granules being placed very closely, thus  giv- 
ing  an  almost  solid  appearance  to  the  bodies  unless  the  section be 
extremely thin or the bodies viewed at their peripheries.  There are 
always  present  several  large  masses  of  chromatic  substance,  larger 
than  those  found  in  any  other  nerve  cell,  excepting  those  of  the 
cornu Ammonis and some of the spinal and medullary stichochromes; 
they tend to be triangular,  and to group themselves near the centre  / 
of the cell, around the nucleus.  The " nuclear cap" is almost always 
well marked and a row of finer granules accentuates the outline of the 
nucleus.  Besides these larger masses which vary in number, numer- 
ous smaller bodies are scattered throughout the cell.  In the form of 
larger or smaller rod-like masses, the chromophilic substance extends 
out into the protoplasmic processes, usually as far as the section allows 
the  processes to  be  traced.  The  chromophilic bodies  of these  cells 
stain  intensely with  methylene blue,  and  the  rest  of the  cell body, 
being  decolorized  with  considerable  difficulty,  often retains  a  faint 
blue tint. 
4.  The  cytoreticulum is  obscured  in  the  central  part  of  the  cell 
by the large closely packed chromophilic bodies.  Around the edges 
of the cell, however, and in the dendrites, it is clearly seen. 
5.  R'ERVE  CELLS  OF  THE  CEREBRAL  CORTEX. 
Plate  XXXV,  Figs.  7,  8  and  9. 
The  layers  of  the  rabbit's  cortex  cerebri,  as  given  by  van  Ge- 
huchten, correspond to  those of the human cortex. 
2.  The superficial layer, which has been called the barren layer or, 
more prdperly, the layer of few nerve cells,  is  made up  almost  en- 
tirely of non-medullated nerve fibres, which pass  in  a  direction tan- 
gential  to  the  surface.  :~iany  of these fibres  are  axis-cylinder pro- 
cesses of cells of the deeper layers; others are association fibres, being 
the cortical terminations of cells from other convolutions. 
Scattered  among  these  fibres  are  nerve  cells,  of  which  van  Ge- 
huchten recognizes three types:  (a) A  polygonal cell having four or 
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axone,  which,  originating  from  the  lateral  aspect  of  the  cell,  runs 
parallel  to  the  surface  and  terminates  in  this  same  layer.  (b)  A 
fusiform cell which lies horizontal to the surface, its long axis running 
antero-posteriorly.  It  has but these two dendrites which are so long 
that  they  are  rarely wholly included  in  even  a  thick  section.  This 
cell usually has  more  than  one  axis-cylinder,  and  these  spring  from 
the  dendrites at some distance from the cell body.  The processes of 
this cell also terminate in this same layer.  (c) A  triangular  cell with 
two dendrites passing laterally and a third  passing downwards; there 
are several axones which spring from the dendrites. 
2.  Beneath the barren layer is one of small pyramidal cells.  The 
axones  of  these  cells  pass  downward  to  become  medullated  nerve 
fibres either of association or of radiation. 
3.  Without  any  distinct  line  of  demarcation  from  the  preceding, 
is a  layer  containing  a  considerable  number  of much  larger  cells  of 
the  same  shape;  this  is  the  layer  of  large  pyramidal  cells.  Their 
axones  take the same  caurse as those  of the small pyramidal  cells. 
4.  The  layer  of  polymorphous  cells.  The  axones  of  these  cells 
pass, some downward, like those of the pyramidal cells, others upward 
to terminate  in the  cortex. 
The  regions  of the  cortex  from  which  sections  have  been  taken 
for study are indicated by the dotted lines in Fig. B  (p.  570). 
1.  At  line  3,  about  2  millimetres  back from  tip  of  frontal  lobe. 
Plate XXXV, Fig. 7. 
The  cells are mostly small  and without  any great variation  in size 
between  the  layer  of small  pyramidal  cells and  that  of  large  pyra- 
midal cells. 
The  nucleolus  is  commor~]y  eccentric  and  presents  the  same  ap- 
pearance  as  already  described.  Several  nucleoli  are  often" found. 
The nucleus is round or ovoid, rarely slightly irregular  in shape.  It 
is situated  either  at the centre  of the  cell, or in pyramidal cells near 
the  base.  The  intra-nuclear  network  is  well  defined  and  rather 
cosrse and stains dark red.  There is apt to be a considerable amount 
of granular  acidophile  matter  around  the  nuc]eolus. 
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amount  and  distribution  in  different  cells.  In  most  of  the  small 
pyramidal cells the collections of basophile granules are small, irreg- 
ular in shape, and scattered very unevenly throughout the cell body. 
Plate XXXV, Fig. 7, b, shows a vertical seetion through such a cell, 
while Fig.  7, a,  represents a  section at  right  angles to  the long axis. 
-~'fost commonly one  or  two  small  chromatic  masses  are  found,  the 
remainder of the chromatic substance being in the form of fine sepa- 
rate granules which, lying on the strands of the acidophile retieulum, 
give the appearance of a blue network (Plate XXXV, Fig.  7,  b  and 
c).  In most of the large pyramidal cells this same condition obtains. 
In some of the larger cells, however, are found Nissl bodies of more 
definite size and shape (Plate XXXV, Fig. 7, b).  A large part of the 
cell body is often clear of chromatic substance.  Rarely such a cell as 
Fig.  7,  d,  is found, in which a  rather small nucleus is  situated near 
the base of the cell and chromophilic bodies of fairly large and uni- 
form size are distributed rather evenly throughout the cell. 
The  aeidophile  retieulum  is  extremely  delicate,  the  mesh  being 
small  and  the strands fine;  otherwise it  is  identical with that  found 
in other cells.  The proportionately small amount of basophilie sub- 
stance often  allows  the  retieulum  to  stand  out  very sharply  (Plate 
XXXV, Fig. 7, e). 
The  finer  ehromophilie  bodies  stain  with  methylene  blue  very 
]ightly  and  are  deeolorized  quickly.  Even  the  larger  chromatic 
masses of these cells show a  disinclination to  retain the dye, and,  if 
the sections remain long in the aniline-oil alcohol, or even in strong 
alcohol, they are more or less completely decolorized. 
~.  At  line  4  (Fig.  B),  equidistant  from  tip  of  frontal  lobe 
and the line of mid-section. 
The general arrangement of the cells here is the same as that just 
described.  The  ceils of the small pyramidal layer are  of about  the 
same size as in the same layer o.f the preceding section.  In the layer 
of large pyramidal cells, however, are many cells much larger than 
any found in the corresponding layer of the frontal lobe. 
As  regards the nueleolus, nucleus,  and intranuelear network, the 
foregoing  description  applies.  The  mlcleus  varies  greatly  in  size, 
bearing a fairly definite relation to the size of the cell. 
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The  ehromophilic bodies  in  these  cells appear  much the  same  as 
those shown in Plate XXXV, Fig. 7.  The preponderance, however, 
of cells in which the chromophilic bodies are little more than granules, 
is no longer so marked.  There are still, however, more of these cells 
than  of any other type, especially in  the superficial layer.  Further 
down in the layer of large pyramidal cells the average size of the cells 
is much greater than in the corresponding layer of the frontal lobe, 
and  there  is  a  much larger  number  of  cells  fairly  well  filled  with 
chromophilic bodies  of considerable size  and  distinctness.  ~[any c,f 
the larger  cells,  however, present but  little  chromatic  substance  in 
proportio~  to  the  size  of the  cell  body.  These  large  cells tend  to 
arrange themselves in  ill  defined groups of from three or four to  a 
dozen or more. 
3.  At  line  5  (Fig.  B).  Transverse  median  section  taken  at  an 
equal  distance from the  tip  of the frontal lobe  and  the  tip  of  the 
occipital lobe.  Plate XXXV, Fig. 8. 
The cells in this region of the cortex correspond somewhat to those 
already  described.  There  are  the  same  different  types  of  cells  as 
regards their  chromophilic bodies,  but  a  still  further change in  the 
numerical relation  between them,  and  the  cortical layers are  better 
demarcated.  The  grouping  of  the  large  cells  is  more  pronounced 
and the groups are larger than in the preceding sections.  The cells 
are larger and their number proportionately much greater.  In these 
large cells there may be a very small amount of basophile  substance 
as in Plate XXXV, Fig. 8, a, and then the acidophile retieulum is dis- 
tinct.  In  other  ]arge  cells  there  is  a  considerable  amount  of 
chromatic substance  and  the  granules  are collected into  quite  large 
masses (Plate  XXXV,  Fig.  8, b  and e).  There  are often very dis- 
tinct nuclear caps. 
4.  At line 6 (Fig. g), equidistant from the tip of the occipital lobe 
and  the  mid-point. 
There is again a preponderance, although not quite so marked as in 
the  frontal  lobe,  of  small  cells,  having  very  fine  and  indistinct 
ehromophilie  granules.  In  the  layer  of  large  pyramids  there  are 
fewer large cells,  and these are scattered and show less tendency to 
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5.  At line 7  (Fig.  B).  The tip  of the lobe was removed and sec- 
tions  were  then  made  through  the  tip  of  the  prominence  at  right 
angles to a line tangential to the surface at that point.  Plate XXXV, 
Fig.  9. 
As we pass from the region last described, we ilnd that there is here 
a decided diminution in the number of cells of the larger type.  All 
of the cortex from the barren layer to the layer of large cells is occu- 
pied by extremely small cells.  These cells have a small nucleus and 
a  small cell body, sometimes a  few fairly well defined chromophilic 
bodies, more often only a few fine granules. 
The  large  pyramidal  cells  are  much  smaller  than  in  the  central 
regions of the brain, and are scattered irregularly and rather sparsely 
throughout the layer.  Otherwise they resemble the large pyramidal 
cells  of  other  parts  of  the  cortex.  Of  the  cells  pictured  in  Plate 
XXXV, Fig. 9, those of type d greatly predominate in this region; c 
and b are found in moderate numbers, and type a is rare. 
The results of this study of the rabbit's  cortical nerve cells  (Figs. 
7,  8,  and  9)  indicate  that  certain  types  may  be  distinguished  as 
follows: 
1.  The  large pyramidal cell.  This  is found in  all  regions of the 
cortex,  but  the cells  are  much more numerous  and  of much larger 
size in the mid-region of the brain, that is about the region analogous 
to the fissure of Rolando in the human cortex--the general sensory- 
motor  area.  In  this  region  these  cells  are  in  more or less  definite 
groups.  As we pass either anteriorly or posteriorly these large pyra- 
mida] cells decrease in both size  and number, until in the frontal and 
in the occipital lobes they reach their minimum of size and frequency. 
These cells, in sections treated by Nissl's method, present three fairly 
distinct  types,  as  regards  the  arrangement  of  their  chiomophilic 
bodies,  these types, however, merging into  one another without dis- 
tinct dividing lines. 
(a).  The large pyramidal cell in which the chromophilie bodies are 
small  and  few,  the  greater  part  of the  cell  appearing  clear (Plate 
XXX~  ~,  Fig.  8,  a).  This is the predominating type  of large pyra- 
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(b).  The. large  pyramidal  cell  in  which  there  is  more  chromatic 
substance in proportion to the size of the cell than in type (a)  (Plate 
XXXV, Fig. 8, c, and Fig. 9, a).  The chromophilic bodies are of con- 
siderable size, irregular in shape, and are largest in the region around 
the  nucleus,  where  they  form  distinct  nuclear  caps.  In  these  cells 
the ehromophilie bodies, though quite numerous and  o.f fair  size,  by 
no means fill up the cell, there being a fair amount of clear cytoplasm. 
They  are  distributed  throughout  the  entire  cortex  but  are  more 
numerous in the  mid-region. 
(e).  The large pyramidal cell in which the chromophilic bodies are 
quite  large,  and  of fairly  uniform triangular  shape  and  size  (Plate 
XXXV, Fig. 7, d, and Fig. 8, b).  They are scattered rather densely 
and evenly throughout tile cell body, giving the cell nmch the appear- 
ante of a motor ganglion cell of the spinal cord.  These are the least 
frequent of all the cells of the cortex. 
~.  The  small  pyramidal  cell.  This  is  the  predominating  cell  of 
the cortex.  The arrangement of its chromatic substance presents two 
types. 
(a).  The small pyramidal cell in which there  are  only a  few fine 
ehromophilic granules scattered irregularly throughout the cell body, 
most of the cell remaining clear (Plate XXXV, Fig. 7, c, and Fig.  9, 
b, and d).  These correspond to type (a) of the larger pyramidal cells. 
They are  the most nmnerous cells of the cortex. 
(b).  The  small  pyramidal  cell,  containing  several  ehromophilie 
bodies of fair size,  corresponding in general  arrangement to type (b) 
of tile larger pyramidal cells (Plate XXXV, Fig. 7, b, and Fig. 9, c). 
3.  Irregular  cells scattered throughout all parts of the cortex, but 
most numerous and largest in the deeper layers, and in the mid-region 
of the brain.  They vary greatly as te size and arrangement of their 
chromatic  elements,  from  a  few  scattered  granules  to large  regular 
ehromophilic  bodies  resembling  those  found  in  the  spinal  stieh~- 
chromes. 
6.  NERVE  CELLS  OF  THE  BASAL  GANGLIA. 
Nucleus  Caudatus.--The  majority of the cells  of this nucleus are 
small multipolar elements possessing no characteristics distinguishing Frederick  Randolph  Bailey  579 
them  from  similar  cells found  in  other  parts  of the  nervous  system. 
They vary in  diameter  from  10/t to  20/~.  The  nuclei  are  round  or 
slightly oval in shape, with, as a  rule,  a  single centrally placed nucle- 
olus.  In the larger of these cells the nucleus is surrounded by a con- 
siderable area of cell body, in the smaller the cell body is reduced to a 
mere  rim  surrounding  the  nucleus.  The acidophile  retieulum  is ex- 
tremely  fine-meshed  but  presents  the  same  appearance  as  in  cells 
already described.  The amount of the basophile substance present is 
extremely  variable,  as  is  also  its  distribution  within  the  cell  body. 
In most of the  eells the  amount  is  rather  small  and  the granules  lie 
upon the strands  of the retieulmn.  In cells where more of the baso- 
phile element is present it is apt to accumulate along the outside of the 
nuclear  membrane,  at  the  periphery  of  the  cell,  and  as  irregular 
clumps of granules near the origins of the main dendritic processes. 
Among"  these  smaller  cells  are  scattered  a  few  nmeh  larger  ones 
corresponding  in  type  to  the  spinal  stichochromes.  They  seem  to 
differ in no way from the smaller  ventral  horn  cells. 
There is also a considerable number of cells in which the basophile 
substance is present  as fine  granules giving a  blue  dusty appearance 
to the cell body.  These cells Nissl describes as " gryochromes." 
5Tucleus  Lenticularis.--The  cellular  elements  of  this  nucleus 
resemble  those  just  described  in  the  nucleus  eaudatus.  In  the  sec- 
tions  which  I  have  examined  the  small  nerve  cells  average  rather 
larger  and  the  large  stichochromes  are  larger  and  somewhat  more 
numerous  than  in the  caudate nucleus.  In  both nuclei the  closeness 
with  which  the  small  cells  are  packed  together  and  the  number  of 
large  cells which are  scattered among them vary greatly in  different 
parts. 
Optic  Thalamus.--This  region  of  the  basal  ganglia  presents  an 
extremely complex arrangement  of its nuclei.  The differentiation  of 
the  thalamic  nuclei  of the  rabbit  has  been  carefully worked  out by 
Nissl, who distinguishes: 
1.  An  Anterior  Nucleus.  This  is  situated  in  the  most  anterior 
part of the thalamus,  and is separable into a larger part--the  anterior 
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the lower and outer portion of the anterior  ventral nueleus~  the  cells 
have  a  quite  compact arrangement  and  allow the  differentiation  of a 
lateral ventral, from a median dorsal area. 
2.  A  ~[edial  Nucleus.  This  nucleus lies near  the  median line,  in 
much the  same  position  as that  occupied more  anterlorly  by the  an- 
terior  nucleus.  From  the  main  body may be separated  off a  small 
anterior  segment or anterior  medial nucleus, leaving a larger  remain- 
ing nucleus lying near the  median line  and  extending about one-half 
the length of the thalamus. 
3.  ~-uclei  of  the  Reticular  Zone.  These  are  divisable  into  an 
upper dorsal part lying just below the anterior ventral nucleus, and a 
lower  ventral  portion.  To  the  outer  side  of  the  latter  is  a  small 
nucleus, the lateral  nucleus of the reticular  zone. 
4.  A  :Nucleus  of  the  :Middle  Line.  This  is  a  flat  plate  of  cells 
lying  near  the  middle  line.  The  projection  inward  of  the  main 
portion  of  the  medial  nucleus  divides  this  nucleus  throughout  the. 
greater portion of its extent into a dorsal and a ventral part. 
5.  A  Lateral ~Nucleus.  This is divided into a larger  anterior  part, 
extending through  about two-thirds the length of the thalamus,  and a 
smaller posterior part. 
6.  A  ~rentral  ~ucleus.  This contains three  main  groups of cells, 
designated  according  to their  location  as the  dorsal,  the  medial,  and 
the  lateral  divisions of the ventral nucleus. 
7.  A  nucleus lying close te the t~nia thalami. 
My  studies  of  sections  through  the  thalamic  regions  have  been 
entirely confirmatory of those of Niss].  The main nuclear masses are 
easily  distinguished,  especially  if  followed  from  section  to  section. 
Isolated  sections  are  sometimes  confusing  owing to the  fact  that  at 
some point or points nuclei run into one another without any distinct 
demarcation.  This is true  especially of the posterior lateral nucleus, 
which at various points is continuous with the neighboring nuclei; for 
the  same  reason,  there  is  sometimes  dii~iculty  in  differentiating  the 
subdivisions of the main nuclei.  Again,  neither shape, size, nor posi- 
tion of the various nuclei is absolutely fixed, there  being some varla- 
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No  new  types  of nerve  ce]!s  present  themselves  in  these  nuclei. 
The majority of the  cells are  of the small multipolar  variety,  resem- 
bling those found in the caudate and lenticular  nuclei.  There is not, 
however,  that  diffuse scattering  of large  stichochromes  found  in  the 
nuclei of the corpus striatum.  These  large  cells of the  type of the 
anterior  horn  cells,  are  found  mainly  in  the  postero-]ateral  nucleus~ 
which  is  made  up  mostly  of  large  cells,  the  largest  found  in  the 
thalamus.  The  median  ventral  nucleus  also  contains  comparatively 
large cells.  In the nucleus of the middle line and in the lateral  ven- 
tral nucleus the cells tend to the fusiform variety.  As is common in 
this  form of cell, the basophile element is present mainly at the ends 
of the nucleus directed towards the main dendrites. 
II. 
CHANGES IN THE NERVE  CELLS IN RABIES  PRODUCED 
BY  SUBDURAL  INOCULATION  OF  RABBITS  WITH 
FIXED  VIRUS. 
PLATES  XXXVI-XXXVIII. 
HISTORICAL  :REVIEW. 
Although  it is not the purpose of this  article to  consider the  path- 
ology of rabies further than the presentation of personal observations, 
mostly relating to changes in the nerve cells of rabbits inoculated be- 
neath the dura with fixed virus, it will not be out of place to present 
a  brief review of our knowledge  of the  pathoiogical  anatomy  of this 
disease. 
Observations upon the  post-mortem  appearances  in rabies  date back 
to  the  essay of Richard Mead  (32)  in  the  beginning  of the  eighteenth 
century and to the writings  of van  Swieten (33)  later in the same cen- 
tury.  They found no lesions in any way characteristic  of the  disease. 
Nor  in  the  many recorded  autopsies  since  these  writers  have  charac- 
teristic  gross  lesions  been  detected.  Congestion,  cedema  and  small 
h~emorrhages  in  various  parts  of  the  central  nervous  system  and  de- 
generations  such  as  are common to many infections  have been noted. 
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of softening and necrosis in the spinal cord are characteristic of rabies 
have  not been  substantiated. 
Even  before  the  important  discoveries  of  Pasteur,  and  more  post- 
tively since these,  it has been  clear that  the  essential seat of rabies  is 
in the central nervous system, and consequently there have been many 
careful microscopic  studies  of  this  part  in  recent  years.  These  have 
brought to  light  the  existence  of lesions, mostly of  a  focal or miliary 
character,  connected partly with the blood-vessels and partly with the 
nerve  cells,  the  former being  the  ones  chiefly emphasized until  quite 
recently.  Whether  or  not  these  lesions  be  regarded  as  in  part  char- 
acteristic, it has been  established that rabies is no longer to be  ranked 
among diseases without a  definite and demonstrable anatomical basis. 
The  most  important  of  the  vascular  lesions,  as  was  pointed  out  a 
quarter  of  a  century  ago  by  Benedikt  (36),  Kolcssnikow  (31),  Coats 
(38)  and  Gowers  (39),  is  an  accumulation  of  leucocytes  around  the 
blood-vessels,  particularly  in  the  spinal  cord,  medulla  oblongata,  and 
basal ganglia.  Other vascular lesions frequently found are congestion, 
irregular  dilatations,  thrombosis,  h~emorrhages,  especially  within  the 
perivaseular  lymph-spaces,  the  deposit  of  hyaline  both  within  and 
around vessels,  and swelling of the  endothelial cells. 
The accumulation of leucocytes is not limited to the immediate neigh- 
borhood  of  the  blood-vessels.  They  may  appear  around  the  central 
canal  and  in  the  nervous  tissue,  and  especial  importance  attaches  to 
their accumulation around nerve cells, particularly the motor ganglion 
cells,  as pointed out by Babes  (40)  and  Schaffer (35).  To  these  pert- 
cellular and perivaseular focal accumulations of small round cells, more 
especially to  the  former,  Babes  has  given  the  name  of  " rabic  tuber- 
cles"  or nodules, and he  considers  that  these  are  so  characteristic  of 
rabies  that, when  due  attention is  given to  their  intensity and  distri- 
bution, they can  serve as a  diagnostic criterion of the  disease. 
In addition to  these  exudative h~emorrhagie lesions  referable  to  the 
blood-vessels,  various  changes, mainly of  a  degenerative  nature,  have 
been found in the nerve cells both of the cerebro-spinal axis and of the 
ganglia.  Sehaffer described atrophy, vaeuolation, and granular, hyaline 
and fibrinous degenerations of nerve cells  associated with degeneration 
of  the  processes  and  hyperplasia  of  the  nenroglia.  Confirmatory and 
additional observations have been mabe by Babes, Gianturco (41), Golgi 
(42),  Germano and  Capobianco  (43),  and others.  Thus  Golgi, working 
with his  silver method, has described irritative and regressive  changes 
in the nucleus, characterized by increase and subsequent fragmentation 
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and granular degeneration of the cell-body, atrophy and loss of the pro- 
cesses,  and  eventually  destruction  of  the  entire  cell.  The  most  ex- 
tensive  alterations,  terminating  in  complete  disappearance  of  nerve 
cells, were noted by Germano and Capobianco.  Only certain cells were 
affected, others in  varying numbers and  distribution  remained  normal. 
It  is  to be  emphasized  that  the  lesions  described  were  observed,  at 
least  in  a  marked  degree, mainly  in  street rabies.  Babes  says that  in 
rabbits  inoculated  with  fixed  virus  there  is  usually  no  lesion  of  the 
nerve cells--a conclusion not in accord with my observations. 
The  lesions  described  have  been  usually  interpreted  as  manifesta- 
tions  of  a  disseminated  exudative  and  parenchymatous  encephalo- 
myelitis. 
Such in brief outline was  the general state  of our knowledge of this 
subject  when  there  appeared  early  in  1900  the  notable  papers  of  van 
Gehuehten and his  pupil,  Nelis  (44), which have stimulated  other con- 
tributions.  This later literature has  been the subject of an  admirable 
critical review by Crocq  (45).  These recent studies  have drawn atten- 
tion to an almost  forgotten observation of Pollaillon and ~epveu (46), 
who  in  1872  described in  a  case  of human  rabies the  accumulation  of 
round  and  oval cells  around  degenerated  nerve-cells  in  the  Gasserian 
ganglion. 
Van  Gehuchten  and  Nelis  contend  that  the  vascular  and  cellular 
changes  described  by  previous  investigators,  including  the  "rabie 
tubercle "  of Babes, are  inconstant  and secondary, not characteristic of 
rabies  and unimportant  for diagnosis  of the  disease,  whereas the  rabie 
pericellular nodules in the cerebro-spinal and sympathetic ganglia are so 
pathognomonic as  to constitute  a  valuable means of rapid  diagnosis  of 
rabies.  These  latter  nodules  consist  of  epithelioid,  oval  and  round 
cells,  derived  partly  from  proliferation  of  the  capsMar  endothelium, 
partly  from  other  fixed  cells,  and  partly  from  the  blood-vessels,  and 
accumulated  around  and  eventually  invading  and  displacing  the 
ganglion  cells.  In  their first  publications  these  authors  believed that 
they  had  found  the  long  sought  specific  lesion  of  rabies,  but  van 
Gehuchten is now of the opinion that this lesion characterizes only the 
natural  disease  in  man  and  animals,  and  is  either  absent  or  only ira- 
perfectly manifested in the experimental disease, at least by the ordinary 
modes  of  inoculation,  whether  by  virus  of  the  streets  or  fixed  virus. 
The  ganglionic  lesion  is  more  marked  in  dogs  than  in  man,  and  least 
developed in rabbits. 
The findings of van Gehuchten and Nelis have been in the main con- 
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Ravenel and ~icCarthy (50), so  far as  the  constancy of the lesion in 
dogs  dead  of  the  natural  disease  is  concerned.  The  search  for  the 
lesion in  experimental rabies  has given apparently conflicting results. 
Whereas Ravenel and McCarthy obtained positive results even in rab- 
bits dead of subdural inoculation with the street virus, van Gehuchten 
(in his later publications)  and H~brant were  unable to  find the lesion 
either  in  rabbits  or  in  dogs  after  subdural  inoculation, these  latter 
animals, as already stated, presenting the most advanced and character- 
istic changes after death from the spontaneous disease.  There are not 
as  yet sufficient observations to  judge  of the  frequency of  the  lesion 
in human beings.  It was well marked in a case reported by Gratia (51), 
but was absent or at most only slightly apparent in Sano's (52) patient. 
It  appears  from  later  investigations that  the  ganglionic  lesion  de- 
scribed by van Gehuchten and Nelis is  not, as  they at first supposed, 
specific  for rabies,  but may occur in other  diseases.  Babes; who  pro- 
tests vehemently against the exclusive position taken by van Gehuchten 
and Nelis,  says that he has met and described this alteration in several 
diseases,  and essentially similar changes have been recently reported in 
various  affections  by  Crocq  (45), de  Buck  and  de  Moor  (53), and 
Spiller  (54). 
It would appear, therefore, as  stated by Crocq,  that, while no lesion 
specific  for  rabies  has  hitherto  been  discovered,  the  totality  of  the 
lesions,  both  those  emphasized by  Babes  and  those  described by  van 
Gehllchten and Nelis,  makes a picture sufficiently characteristic to war- 
rant  usually the diagnosis of rabies, when all of the circumstances of 
the case  are  considered.  The absence  of these lesions  does  not, how- 
ever,  exclude rabies. 
]~L~TERIAL  A~D  ~IETHODS. 
The  material used in  the present  study of the  nerve-cell changes 
in rabies  was obtained from nine rabbits which had been inoculated 
with fixed virus, an emulsion made from the medulla of a rabbit from 
a  previous  series  being used.  The  skull was  trephined and the  in- 
jection  was  made  under  the  dura.  The  strength  of  the  virus  was 
such that it proved fatal to cbntrol rabbits in from seven to nine days. 
Rabbit  No.  1.  Killed by  chloroform three  days  after  inoculation. 
This rabbit  showed no  symptoms, was  eating well  and was  apparently 
in a perfectly normal condition. 
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first sign of symptoms.  These consisted merely in slight  disinclination 
to eat and in lessened activity. 
Rabbit No. 3.  Killed by chloroform five days after inoculation.  Par- 
tial paralysis for about 24 hours. 
Rabbit No. 4.  Killed by chloroform six days after inoculation.  Par- 
tim paralysis for about 36 hours. 
Rabbit  No.  5.  Died  six  days  after  inoculation.  Was  taken  sick 
much  earlier  [second  day]  than  the  other  rabbits  and  differed  from 
them  in  showing  much  greater  activity. 
Rabbit No. 6.  Died on seventh day after inoculation.  Paralysis was 
almost complete.  Had showed symptoms for about 60 hours. 
Rabbit No. 7.  Died on eighth day, four days after initial symptoms. 
Paralysis complete. 
Rabbits  Nos.  8  and  9.  Died  on ninth  day.  Paralysis  complete. 
The rabbits belong to two series, rabbits Nos. 2, 4, and 9 belonging to 
one, while rabbits  1,  3,  5,  6,  7,  8 belong to  a  second series.  Most of 
the material was fixed in van Gehuchten's fluid (see p.  557)  followed by 
strong  alcohol.  In  some  cases  alternate  segments  were  fixed  in 
formalin  10%, followed by graded alcohols. 
The  sections were  of  a  standard  thickness  of  6/~.  For  special pur- 
poses  a  few  thinner  sections  were  made  as  noted.  The  staining  was 
mainly by the erythrosin-methylene-blue method described on page 558. 
A few sections were stained with methylene blue alone. 
PERSONAL OBSE~VATmNS. 
RABBIT ]NO. 1.--Spinal  Cord  and  Medulla.  There  is  a  marked 
congestion of both grey and white matter  throughout  the  entire cord 
and medulla.  There  are no changes in the vascular walls, no exuda- 
tion, hmmorrhages,  or increase of neuroglia. 
Cells  of  the  anterior  horn.--The  majority  of  the  spinal  stich- 
ochromes  appear  perfectly  normal.  Of  cells  which  show  departure 
from the normal,  we observe: 
1.  Cells,  with  normal  nucleus  and  cytoreticulum,  in  which  the 
ehromophilic  bodies,  although  normal  in  size  and  shape,  present 
ragged,  frayed-out edges,  an appearance  quite  different  from that  of 
the chromophilic bodies found in the normal cell.  There is no break- 
ing up of the bodies, no lessening  of intensity  of staining,  no diffuse 
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:2.  Cells  with  normal  eytoreticulum,  in  which  the  chromophilic 
bodies, while normal  in  size  and  shape,  in  addition  to the  ragged  ap- 
pearance  mentioned,  take  a  much  paler  stain  (Plate  XXXVI,  Fig. 
10,  b).  In these cells the nucleus  and  nuclear contents  remain  nor- 
real, or the nucleus is somewhat swollen.  Whether  normal  in size  or 
swollen,  its  retienlum  is  apt  to  show an  increase  in  the  thickness  of 
its  strands,  which  thus  appear  more  sharply  defined.  The  same  is 
true  of  the  nuclear  membrane,  which  thus  gives  to  the  nucleus  a 
too.re  distinct  contour. 
3.  Cells in which, with or without ttie above nuclear changes, there 
is a marked reduction in the chromatic  element. 
(a).  The Nissl bodies may retain  their  normal  size  and  shape,  but, 
in addition to the roughness of outline, appear full of ragged holes or 
vacuoles.  On closer examination  these are seen to correspond to the 
meshes of the cytoreticuhml (Plate XXXVI, Fig.  10, c). 
(b).  Through  further  reduction  in  the  chromatic  substance  the 
shape  of the  Nissl bodies is  lost,  and  the  basophilie  element  appears 
as  fine  granules  incrusting  more  or  less  thickly  the  strands  of  the 
aeidophile reticulum.  At nodal points of the reticulum there are apt 
to be larger  accumulations  of granules.  Not all strands of the  retie- 
ulum  are  covered  with  the  granules,  nor  do  those  covered  have  an 
equally thick  incrustation  at  all  points.  The  result  is  often to  give 
the cell the appearance  of having two distinct, reticula,  a fine meshed, 
acidophile reticulum,  and a much coarser meshed, irregular,  basophile 
retieulum.  The  chromatic  rods  or spindles in  the  dendrites,  and  in 
the  co.nes which  mark  the  dendritic  bifurcations,  do. not  show  the 
same  tendency  to  disintegration  as  the  chromatic  masses  of the  cell 
body proper.  Even  in  those  cells in  which  chromatolysis  was most 
marked, these spindles and  cones retained their smooth outline,  finely 
granular  appearance,  and  normal  staining  qualities.  Such  cells  are 
found  throughout  the  entire  eo.rd  and  medulla.  The  changes  are, 
however,  more pronounced,  and  involve a  larger  number  of cells,  in 
the  cervical  and  upper  dorsal,  than  in  the  lower  dorsal  and  lmnbar 
regions. 
The  stiehochromes  of the  medullary ~uclei show a  larger  propor- Frederick  Randolph  Bailey  587 
tion  of affected cellsj, and  a  larger proportion  of these show greater 
loss in chromatic substance, than the cells of the cord.  In the lower 
part  of  the  medulla,  where  the  grey matter  of  the  anterior  horns 
becomes broken up by decussating fibres, extremely large cells, of the 
type of the anterior-horn cells, are found scattered singly or in small 
groups.  A  large  proportion  of  these  cells  are  affected,  and  many 
show  an  almost  complete  disappearance  of the  ehromophilie bodies. 
There is no selection of cranial nuclei, all being quite evenly affected; 
nor  is  there  in  the  cord  any tendency to  degeneration  of  cells  by 
groups;  cells in the various conditions described lying in close prox- 
imity to one another and to normal cells.  Speaking generally, those 
cells lying in the ventro-lateral portion of the horn, near the margin 
of the grey matter, show least changes, while those lying deeper and 
more internal,  are most affected.  Plate  XXXVIII,  Fig.  72,  shows 
one of the more changed cells from the deeper part of the grey mat- 
ter,  near  the  central  canal,  in  the  upper  cervical  margin.  Of 
changed cells, those described nnder 1  are much the most numerous, 
while those under 2  and  3,  a  and b,  are in  the  order of decreasing 
frequence. 
The cells of the spinal ga~glia show no variation from the normal. 
The cells of Purki~je show nothing beyond the usual wide variation 
in quantity and arrangement of the chromatic substance. 
In the cortex and in the mitral cells of the olfactory lobe, no changes 
could be discovered. 
Basal  ganglia.--In  the  nuclei  of  the  basal  ganglia,  the  changes 
resemble closely those described in the spinal  cord, corresponding as 
regards number of cells affected, and extent, to the upper  or middle 
cervical  region.  There  seems to  be  a  decrease  in  intensity  of  the 
lesion as we pass in either direction from the medulla oblongata.  In 
the  larger  ganglion  cells scattered throughout  the  nucleus eaudatus 
and the nneleus lentieularis, and in those making up the bulk of the 
postero-lateral nucleus of the thalamus, the changes are identical with 
those described in the spinal stichochromes. 
I~A]~BIT NO.  2.--Spinal  Cord  and  Medulla.  The  congestion  is 
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cord  and  medulla.  The  walls  of some  of the  vessels  are  infiltrated 
with leucocytes, sometimes  many and  sometimes few.  These vessels 
may  show  also  an  increase  in  the  connective  tissue  elements  of the 
wall,  most marked  in the  small  vessels of the  grey matter,  the walls 
of which  are  normally  very thin.  Less frequently the  latter  condi- 
tion is found without the leucocytic infiltration. 
Hmmorrhages are common both in grey and in white matter.  They 
are usually small, but sometimes are extensive, especially those in the 
grey  matter  of  the  anterior  horn.  They  are  always  without  any 
distinct limitation. 
There appears to be no direct relation between the vascular changes 
and the  cellular lesion.  ~ormal  cells are as common in the  areas of 
too.st intense congestion  and  in the vicinity of vessels in the walls of 
which the most changes are found as elsewhere.  I  have seen appar- 
ently normal cells lying in the midst of a large hmmorrhage. 
Cells of the anterior horn.--The  cellular  lesion is much more pro- 
nouneed  than  in  ]Rabbit  No.  1.  There  are  fewer  normal  cells, 
although  these are still in the majority.  The number  of cells show- 
ing the lesser degreea of change,  as described for the preceding cord, 
is  increased.  There  is  the  greatest  relative  increase,  however,  of 
those cells which show the more marked chromatic changes. 
The  nucleus  and  nuclear  contents  are normal,  or  show only those 
slight  changes  alreedv  described.  By  far  the  majority  of  altered 
cells present only the lesser degrees of change already described, but 
there is often a much more  diffuse granular  blue staining.  This  ob- 
scures  the  cytoreticulum  and  gives  the  cell  a  quite  homogeneously 
granular  appearance.  The  eytoreticulum  in  those  cells in  which  it 
is not lost in the diffuse blue granulation,  appears normal. 
A  few cells show evidence of a  more  advanced condition of degen- 
eration.  Sneh  cells,  found  in  the  cord,  but more  commonly  in  the 
medullary nuclei,  or in  the  remnants  of the  anterior  horn,  show the 
following changes:  For  convenience of reference we will designate 
them  as  belonging  to  type  4,  the  changes  already  noted  in  Rabbit 
Nro.  1 having been referred to types 1~ 2, and 3,  a and b.  The nucle- 
olus, sometimes normal,  is more  often roughened  at its  edges, some- Frederick  Randolph  Bailey  589 
times small pieces being broken off from the main mass.  The intra~ 
nuclear network is broken up, often appearing only as a stellate mass 
of granules  around  the  nucleo]us and  as little  thread-like  projections 
from the inside of the nuclear membrane.  The nuclear contour may 
be very distinct,  and  with its normal spherical shape;  less commonly 
it is irregular,  or somewhat erenated.  There  may be a break in the 
continuity  of  the  nuclear  membrane,  in  which  case  the  nueleolus, 
though  usually remaining  within  the  nucleus,  may  be  outside  what 
appears  to be the  nuclear limits. 
The Nissl bodies are broken up into small fragments, which usually 
lie upon nodal points of the reticulum.  Between the fragments there 
is  a  fine,  blue,  granular  deposit.  The  larger  fragments  may  be  ab- 
sent and  only the  fine  granules  remain.  The  chromatic  rods  in  the 
dendrites  retain  their  normal  appearance.  The  cytoreticulum,  even 
in  these  cells,  appears  normal  The  entire  cell  is  often  swollen, 
sometimes  sufficiently to. exert  pressure  upon  the  surrounding  struc- 
tures.  ~[ore  rarely  it  is  shrunken,  leaving  an  exaggerated  peri- 
cellular lymph space. 
The distribution  of the lesion corresponds to that given for Rabbit 
No.  1,  except  that  there  is  less  difference  between  the  upper  and 
the  lower regions  of the  cord.  As in  No.  1,  the  medulla W  nuclei 
and the cells of the anterior horns are especially affected. 
The cells of the spinal ganglia are normal. 
In the cerebrum and cerebellum the  congestion is less marked than 
in the cord, and the changes in the vessel walls are absent. 
There  is a  decided reduction  in  the  average  amount  of chr(>matic 
substance in the cells of Purkinje, but many appear normal.  Nuclear 
changes are  seen in but few celia, and these  are of the  milder grade, 
as described in  Rabbit No.  1.  Some  cells of  Purkinje  show  a  con- 
siderable amount of chromatic substance, but in a much finer state of 
subdivision  than  normal;  others  show complete,  or  almost  complete, 
loss of the basophile element, with a diffuse blue ground-substance,  a 
finely granular  blue ground-substance,  or the  same with  a  few large 
granules.  Both  their  behavior  and  their  relative  numbers  woMd 
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Purkinje cells which are normally rich in ehromatin; while the latter 
results  from  changes  in  cells  which  are  normally  deficient  in  this 
constituent. 
No  changes were  found in the  eells  of the  cerebral  cortex,  or  in 
the mitral cells of the olfactory lobe. 
Basal ga~glia.--The  large  stichochromes of the  nucleus caudatus 
and the nucleus lentieularis, and the similar cells found in the nuclei 
of the  t]~alamus,  present  the  same  degrees  of degenerative changes 
as  described  for  the  spinal  stichoehromes.  Rather  more  cells  are 
affected, and  the lesion of the  individual cell is  somewhat more  ad- 
vanced than in Rabbit No.  1.  In the smaller ganglion cells there is 
an  evident  decrease  in  the  basophile  element.  These  cells  differ 
from one another so greatly, as regards their normal content, of baso- 
phile  substance,  that  it is  difficult to  say of any particular  cell that 
there is a diminution.  When, however, the chromatic substance of a 
number  of  cells  is  estimated,  it. is  apparent  that  the  total  average 
amount is considerably decreased. 
RaBmTS Nor.  3 AXD 4.--The lesions found in Rabbit No.  3  and in 
Rabbit  No.  4  reseml;le  each  other  so  closely that  they may be  de- 
scribed together.  No. 3 was killed on the 5th and No. 4  on the sixth 
day after inoculation.  They belong to different series (p.  585). 
Spi~aI Cord aad Medulla.--There is  an increase both in the  con- 
gestion  and  in  the  ]eucoeytic infiltration of the  walls  of the  blood- 
vessels.  These leucocytes may form an even ring around the vessel, 
or,  more commonly, there is a large collection of them at one or two 
points in the  vascular walls.  There seems to  be  no  advance in  the 
increase  of  connective-tissue  elements,  that  feature  remaining  the 
same as  in Rabbit. No.  2.  Hsemorrhages also  are  about as  frequent 
as before. 
Lesions of the nerve  cells  show a  marked advance.  Normal cells 
are still found, but in decided minority, so that search through several 
sections at any level of the cord may be required in order to find an 
entirely normal cell.  They are  still present  in those  regions where 
they have  already been  described  as  most frequent,  namely, in  the 
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from  below  up.  All  of  the  cellular  degenerative  conditions,  pre. 
viously described,  are present,  and  are  increasingly frequent.  The 
relative increase is,  however, greatest in cells showing the  more ex- 
tensive changes.  Thus  cells of type 3 a  and  b  (p.  586)  and type 4 
(p.  588 ) are now quite numerous.  Of further changes the following 
were noted: 
Nucleus  and  ~uclear  co~denls.--(a).  The  mlcleolus  is  usually 
rough, stains more irregularly than heretofore, appears rather coarsely 
granular, and is often broken up into several pieces (Plate XXXVI, 
Fig.  11). 
(b).  The  nuclear  reticulum  is  in  many  cells  abnormally distinct 
and  darkly stained,  with larger mesh openings,  due to  a  coalescence 
of sonic of the strands of the retieulum.  This may stand out against 
a  perfectly clear background,  or  one in  which there is more or less 
granular  or  homogeneous pink  color.  There  may be  no  sign  of  a 
reticulum,  the  entire  nucleus  staining  a  homogeneous,  an  evenly 
granular,  or an  irregularly granular  pink  color.  The  nucleus may 
assume almost any shape, is commonly very much shrunken and ere- 
nated~  when it appears as an irregular red mass surrounding the nn- 
eleolus (Plate XXXVI, Fig. 11). 
(e).  The  nuclear  membrane  is  often  broken,  sometimes  showing 
only in  spots,  again having completely disappeared;  in  this  case the 
nucleolus appears to lie in the general cell protoplasm, with or without 
Some remnants of the aeidophile nuclear elements attached to it.  In 
any of these conditions the nucleus may be eccentric. 
Cell body.--(a).  The basophile  element of the cell body shows all 
of the types of changes already described.  The  most frequent con- 
dition is  that described in Rabbit No.  1, as type 3, a and b, in which 
the basophilie granules appear as a precipitate upon the strands of the 
cytoreticulum.  This  gives  the  appearance  of  a  densely  granular, 
blue  network  with  coarse  strands  and  small  mesh  openings  (Plate 
XXXVI,  Fig.  11).  In places where the granules are absent, or thin, 
the aeidophile retienlum shows plainly.  In contrast to those cells de- 
scribed in Rabbit ~No. 1,  type 3, b,  in which the chromatic substance 
is present in fine granules, and the chromatic spindles and cones in the 
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dendrites are intact, these cells in which the chromatin is arranged  as 
a  network,  rarely  show an~" normal  condition  of the  dendritic  ehro- 
mophilic bodies, these  being usually absent (Plate XXXVI, Fig.  11). 
(b).  The  cytoretieulmn  appears  intact,  excepting  in  cells  where 
there is considerable diffuse staining.  In such eases it seems probable 
that  the reticulmn  is'obscured rather than destroyed. 
(c).  The  outline  of  the  cell  body is  often  broken  and  irregular. 
The  tell is more commonly shrunken  than  swollen or no.rmal in size. 
These  cells have  the  usual  number  of protoplasmic  processes, many 
of which,  however,  are  shrunken,  stain  dark  red,  and  end in a  point 
at a short distance from the cell body.  Plate XXXVI, Fig. 11, illus- 
trates quite typieally several of the points described. 
The distribution of the lesion is more unifornl than before through- 
out the  cord  and  medulla,  being almost  as'extensive  in  the  lower  as 
in the upper cord and in the medulla. 
The  eells of the  spinal ganglia  show no ehanges. 
Purkinys  Cells.--These  are  much  more  altered  than  in  the  pre- 
ceding rabbits. 
"¥ucleus  and  )~uclear  conte~'ds.  (a).  The  nucleolus  is  usually 
ragged,  sometimes  broken  up  into  several  pieces.  Eeeent¥ieity  is 
often extreme, in some eases the nueleolus lying on the nuclear mem- 
brane. 
(b).  The nucleoreticulum  is more or less completely disintegrated, 
and represented by clumps of granules surrounding the nueleolus and 
attached to the nuclear membrane.  These granules are nmeh coarser 
than those resulting from the disintegration  of the nueleoretieulum in 
the anterior  horn cells.  There is ahnost no tendency to diffuse stain- 
ing of the nucleus,  as seen in some anterior  ho.rn  cells. 
(e).  The  nuclear  membrane  is  in  most  cells  very  sharply  defined 
and darkly stained, and preserves its spherical shape" more rarely it is 
crenated  or  broken  or  both.  These  latter  conditions  are  not  nearly 
so frequent as in the spinal stichoehromes of this  same rabbit. 
Cell  body.  The  various  conditions  of.  the  cell,  as  regards  the 
chromatie  elements,  are  quite  sinfilar  to  those  described in  the  cord 
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some  normal  cells.  A  considerable  number  of  cells  show  complete 
ehromatolysis,  the  cytoreticulum  being  very distinct  and  apparently 
normal.  Between this and  the norm  all grades exist.  Two. features 
of the ehromatolytie process observed in the anterior horn  cells, were 
absent  in  the  cells  of Purkinje.  First,  there  was  no  appearance  of 
fraying  out  of  the  edges  of the  Nissl  bodies,  as  is  the  case  in  the 
anterior  horn  cells;  they  seem  rather  to.  disintegrate,  breaking  up 
into smaller, but no legs dense and smoothly outlined masses.  Second, 
there is no. such distinct  formation of a basophile network as in some 
of the anterior  horn cells. 
Staining of the ground substance is extremely irregular;  it may be 
clear,  or  blue  and  granular,  or  homogeneous.  There  may  be  no 
blue  staining  whatever,  the  eytoretieulum  then  appearing  very  dis- 
tinet against a clear background,  or all or part of the cell may present 
a  granular  or  homogeneous  pink  appearance.  The  cell  contour  is 
rarely broken, but may be irregular  or shrunken. 
Cerebral  cortex.  The  congestion  is  not  marked  as  in  the  cord; 
some of the vessel wails show exudation of leucocytes, but this also is 
less marked than in the cord. 
The distribution of the cortical lesion is uniform,  all types of nerve 
cells in all situations showing modifications.  In the smaller pyramidal 
cells, and  especially in those least rich in chromatic substance, earlier 
changes  are  di~eult  to study.  In  larger  cells,  both  pyramidal  and 
polymorphous,  there  is  a  disappearance  of  the  larger  masses  of 
chromatic substance which lie upon the nodal points of the aeidophile 
retieulum, with a resulting added clearness of the network-appearance 
of the basophile granules ~;hieh lie upon the strands of the reticulum. 
Plate XXXVIII,  Fig.  23, illustrates  some of the conditions found in 
these cells.  The changes in the smaller pyramidal cells are the sarne 
as in the  larger;  disappearance  of ehromatin  is  apt  to  be more  com- 
plete.  The  large  polymorphous  cells  of  the  deeper  ladders of  the 
motor  areas  of the  cortex  show about the  same degree  of changes  as 
those  described  in  Rabbit  No.  1  for  the  anterior  horn  ceils.  Few 
show more than a raggedness in the outline of the ehromophilic bodies. 
lllitral  cells of the  olf~ctory  lobe.  Most of the cells show changes. 
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chromophilie  masses  arranged  parallel  to the  nuclear  outline  and  to 
the  surface  of the  cell,  are  characteristic  of these  cells  (p.  573),  the 
nuclear  cap  being  usually  very  large.  These  masses  are  usually 
packed closely, leaving few unstained portions of the cell, and largely 
obscuring the  eytoreticulum.  In most of the  cells in Rabbits Nos.  3 
and  ~,  these large  chromophilic bodies are  entirely  or  partly  broken 
up  into  various  sized  nlasses  and  granules,  distributed  unevenly 
throughout  tile  cell  body.  Some  cells  show  no  large  Nissl  bodies; 
otliers show but one or two, while the res4 of the cell body is occupied 
by small masses and fine granules.  The  aeidophile  reticulum,  which 
in  the  normal  cell  is  barely  visible  between  the  dense  chromatic 
masses,  is  now quite clear.  There  is little  tendency to  diffuse stain- 
ing of the cell backgro.und (Plate XXXVI, Fig.  12). 
The  nucleolus  is  usually  ragged  or  broken  up.  The  nuclear 
reticulmn is often somewhat disintegrated, though its strands are often 
quite distinct.  The outline of the nucleus is smooth, rarely irregular, 
and the nucleus remains approximately in the centre of the cell. 
In the ease of all the cellular lesions previously described, speaking 
generally,  there  is  some  relation  between  file  extent  of  nuclear 
changes  and  that  of  alterations  in  the  body  of  the  cell.  Thus  the 
more advanced nuclear changes are found usually in cells in which the 
greatest  changes have taken  place  in  the  chromatic  elements.  This 
is,  however,  not  always  the  ease.  Advanced  nuclear  disintegration 
is  rare  in cells showing nfild grades  of ehromatolysis.  On tile  other 
hand it is not at all uncommon to find a nearly normal nucleus in the 
midst of marked changes in the cell body. 
Basal ganglia.  Few of the larger cells of the nuclei of the corpus 
striatum  and  thalamus  are  no.rmal.  The  extent  of the  lesion  corre- 
sponds  ahnost  exactly to that  in the  upper  part  of the  cord,  both  as 
regards the number of cells affected and the character of the lesion in 
the  individual  cells.  Many  of  the  cells  present  the  condition  illus- 
trated  in  Plate  XXXVIII,  Fig.  2:2.  The  snialler  cells  show  about 
the same extent of ehromatolysis as in Rabbit No. 2. 
RABBITS, NOS. 5  AND 6.--Spinal  Cord.  There  is less  congestion 
than in any of the preceding cases.  There is no change  in the  small 
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Cells  of the  a~derior  horn.  All  of the  previously  described types 
of degeneration  are  found.  It  is  still  possible  to  find  normal  cells, 
though they are rare;  none were found except in the extreme ventral 
and lateral region of the horn.  Of altered cells, few show the earlier 
changes  with  normal  or  slightly  changed  nuclei  and  with  simply 
frayed-out  chromophilic  bodies.  More  extreme  degrees  of  change, 
as shown in Plate XXXVI,  Fig.  13, are the more common. 
Nucleus  and  contents.  The  nueleolus,  in  addition  to the  changes 
already  described,  may be  completely  disintegrated  and  represented 
only by a  few fine  or  coarse blue granules  scattered  throughout  the 
lllleleus. 
The  nuclear  reticulum  has,  in  the  majority  of  cells,  disappeared, 
the  entire  nucleus  taking  a  granular  or diffuse pink  stain. 
The  nuclear  membrane  is  often  extremely  distorted  and  broken, 
sometimes absent.  In cells showing more marked forms of degenera- 
tion,  there  may  be  no  trace  of  nucleus  or  nuclear  contents  found, 
this  being  determined  of  course  by serial  sectdons.  Such  apparent 
absence  of the  nucleus  is  most common  in  cells in  which  the  proto- 
plasm  takes  a  dark  stain;  while  in  those  cells  in  which  there  is  a 
lighter  stain,  remnants  of the  nucleus  are  always  found.  It  would 
seem probable that  the  disintegrated  nuclear  elements,  basophile  and 
acidophile,  are  simply  indistinguishable  among  the  similar  elements 
of the cell body proper, when both are in a fine state of disintegration. 
Eccentricity of the nucleus, while found, is not a common occurrence. 
Cell body.  Of the  conditions already described , the  most common 
is  that  in  which  the  basophile  elements are  arranged  in  the  form  of 
a reticutum upon the aeidophile network, as described in Rabbit No. 1, 
type  3  (Plate  XXXVI,  Fig.  11).  In  most  of these  cells,  however, 
the network is  much less regular.  We may note  also the following: 
1.  Cells in which there is apparently complete disintegration  of all 
stainable  elements,  both acid and  basic.  These  cells take on a  some- 
what  different  appearance  according  to  the  greater  intensity  of  the 
acid or basic stain.  With erythrosin  alone they take a strong,  homo- 
geneous,  or  granular  red  stain,  with  or  without  scattered,  larger, 
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same  picture,  substituting  the  blue  for  the  red.  With  a  double 
stain, they may present a homogeneous appearance, usually of a violet 
color, the tint  inclining  towards the  red or towards the  blue,  accord- 
ing  to  the  overstaining.  Tile  majo.rity  of  such  cells,  however,  are 
not  homogeneous,  but  granular,  in  which  ease  it  is  always  possible 
with a proper staining to differentiate red granules from blue granules ; 
the one evidently representing the disintegrated remains of the aeido- 
phile retieulum,  the other,  of the basophilie elements of the cell.  In 
most such cells, the protoplasmic proee~es are shrunken  and irregular 
in outline.  In many,  some or all of the  dendrites  are traceable only 
a  short  distance  from  the  cell  body,  ending  usually  in  points,  or  in 
little  shrivelled strings.  These shrunken,  broken processes stain con- 
siderably more  intensely with  erythrosin,  than  does the  cell body to 
which  they  belong.  They  may  show  a  few  small  remnants  of  the 
chromatic  spindles;  more  commonly,  however,  they  present  nothing 
lint a homogeneous or granular  red appearance  (Plate XXXVI,  Fig. 
11,  and  Plate  XXXVI,  Fig.  18,  a).  There  is  no  evidence  of  any 
retieulum.  Such cells are usually normal in size,  or swollen.  Their 
outline may be distinct and smooth, very indistinct,  or, less commonly, 
broken  and ragged. 
•  2.  A  very common condition of the  cell body, more common than 
that  just described, corresponds partly to that  noted in Rabbit No.  1, 
type 3.  The  basophile  element is not greatly reduced.  In  parts  of 
the  cell,  commonly the  peripheral,  it  is present as a  network though 
much  broken  up  (Plate  XXXVI,  Fig.  11);  in  other  parts,  it is  dis- 
tributed  as  irregular,  granular  masses,  apparently  situated  on  nodal 
points of the aeidophile retieulum, the larger covering several meshes. 
Iit addition are present, often in clumps, long slender blue rods.  These 
are  very narrow,  straight  or  wavy, stained  intensely,  and  appear  to 
have  no  re]ation  to  the  aeidophile  network  (Plate  XXXVI,  Fig. 
18,  b).  They give to the  cell a  quite characteristic  appearance.  In 
such  cells  the  acid  retieuhun  usually  remains  intact,  at,  least  in  a 
portion of the  cell.  The cell body is apt to be shrunken.  The den- 
drites,  if shrunken  at  all,  are only slightly so,  and,  as a  rule,  contain 
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ragged and indistinct.  Such cells are most common in the periphery 
of the anterior horn, and represent the larger cells. 
Spinal ganglia.  Cells of the posterior root ganglia at all levels of 
the cord, show changes, with no differences in their extent for different 
levels.  The  ~ucleus  may be  in  any  of  the  conditions  already de- 
scribed in the case of cells from other regions.  In those cells in which 
there is distinct central chromatolysis, the clear area, just outside the 
nuclear membrane, brings the nucleus out in strong relief.  In other 
cells  the  outline  of  the  nucleus  is  broken  completely or  lost.  An 
extremely  common  condition  is  a  crenated  nucleus  somewhat 
shrunken,  taking  a  diffuse granular  pink  stain,  containing an  indis- 
tinct  rough-edged nucleolus.  Eccentricity, sometimes so  marked as 
to  cause  bulging  of  the  cell  periphery,  is  not  uncommon  (Plate 
XXXVII, Fig. 16, e). 
Cell body.  1.  There are cells which in  the nature of the change 
r~emble the anterior horn cells, type 1, Rabbit Nc~. 1 (p.  585).  They 
show  the  normal  number,  size  and  arrangement  of  chromophilic 
bodies, but these have frayed-out, feathery edges. 
2.  A  veI\v common condition in these cells is central chromatolysis 
(Plate XXXVII, Fig.  16,  d, e).  The central portion of the cell mav 
be  pale  blue,  with  or  withont  very  fine  blue  granules  scattered 
through  it,  or perfectly colorless.  The  extent of the  ehromatolysis 
varies from a  small  area  immediately around the nucleus, to an  in- 
volvement of most of the cell, leaving but a  narrow rim of chromo- 
philic  bodies  at  the  extreme  periphery.  In  the  latter  ca~,  these 
bodies are usually large, very dark, run into one another, lie parallel 
to the outline of the cell body, as if they were being pushed out by 
centrifugal pressure (Plate XXXVII, Fig'.  16, b). 
3.  A  peculiar condition noted in a few cells, consists in a perfectly 
clear background with a  continuous or a  broken cvtoreticulum, and, 
scattered quite  evenly through  it,  rather small  chromophilie bodies, 
which are smooth in  outline and seem perfectly homogeneous (Plate 
XXX¥II,  Fig. 16,  c). 
The cells of Purl~'inje show a  marked progression  of the lesion as 
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number.  In  cells arranged  in distinct rows, Purkinje's cells and the 
mitral  cells from the  olfactory lobe~ there is a  fairly  even frequency 
for a given thickness of section.  Thus comparing a 6/~ section of the 
present  specimen  with  a  6f~ section from a  normal  rabbit,  a  marked 
loss  of cells is easily  reeoga~ized.  Few cells are  normal.  Many  are 
found  which  present  the  picture  described for the  Purkinje  cells of 
Rabbits Nos.  8  and  4.  A  majority, however,  are  in more  advanced 
conditions of degeneration,  as shown in Plate XXXVII~ Fig.  17. 
In these degenerated cells the nucleus may present  a great variety 
of appearances.  It  may be irregular  in  outline.  The  intra-nuelear 
netAvork may be normal,  or it may show in a part of the nucleus, while 
in  the  remainder  it  is  represented  only  by  reddish  granules.  The 
nucleus  may have  no. distinct  outline,  but  appear  simply  as  an  area 
of pale pink granulations  (Plate XXXVII,  Fig.  17, e).  It may be a 
shrunken  red mass, as in Plate XXXVII, Fig. 17, d.  In most of the 
nuclei there  was a  coarse blue granulation  (Plate  XXXVII,  Fig.  17, 
b, e,  d).  In some, this  appeared to be due to a  disintegration  of the 
nueleolus;  in  others,  it  seemed equally extensive without  any  reduc- 
tion in the size of the nueleolus. 
In the bodies of most of the cells there is extremely little chromatic 
substance.  When  present  it  is  as short threads  or  rods,  or  as small 
granular  masses.  The  retienlmn  in these cells is indistinct,  showing, 
if at all, only at the periphery of the cell (Plate XXXVII, Fig. 17, a). 
The  remainder  of  the  cell  body  often has  a  granular  pink  appear- 
anee.  The outline of the cell is in many eases irregular  and the pro- 
cesses are indistinct. 
Cerebral cortez (Plate  XXXVII,  Fig.  18).  The  changes  in  the 
cortical  cells  show a  considerable  advance,  as  may  be  seen  by com- 
parison of Figs.  18 and 28.  It should be noted that only the drawing 
of  a  very large  number  of cells could give  any  adequate  picture  of 
the  shades  of variation  which  these  cells  present..  ~'Iany  cells  still 
remain  normal;  these,  however,  are  much less  frequent  than  in  the 
cortices of the preceding rabbits,  and more of the changed cells show 
the more extensive modifications.  Plate XXXVII, Fig. 18, b,  shows 
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in  Fig.  23.  The nucleus  is distorted.  In cell,  a,  of the same figure 
there  is  considerable  shrinkage  of  the  cell  body  and  but  little  evi- 
dence  of the reticular  arrangement  of the granules.  The  nucleus  is 
irregular,  eccentric  and  only  a  few shreds  of  its  reticulmn  remain. 
In  e  of the  same  figure  the  loss  of bssophile  substance  is  complete~ 
leaving  an  extremely  clear  demonstration  of  the  apparently  un- 
changed  acidophile  reticulnm.  As  in  rabbits  3  and  4  there  is  no 
special  localization  of the  cerebral  lesion,  the  cells being  affected to 
an  equal extent in all regions. 
Mitral cells of the  olfactory  lobe (Plate XXXVII,  Fig.  19).  Even 
more marked  than  in  the  cells of Purkinje  is the  progress  which  the 
lesion has made in the mitral  cells.  As in the  cerebellmn,  there  is a 
decided  and  even  a  greater  reduction  in  the  nmnber  of cells.  One 
can in places pass along the line of mitral  cells for several fields of a 
:No.  7  lens  without  seeing  a  single  mitral  cell.  The  least  changed 
cells show the outlines of some of the larger chromophilic bodies.  In 
cell a of Fig. 19 most of the large chromatic masses are broken up and 
represented by rather  small collections of granules;  where the larger 
chromophilic  bodies remain,  they  are  ragged  and  fenestrated.  The 
cytoreticulum  in  cells  which  are  of  about  normal  size,  is  usually 
quite  distinct.  In  Fig.  19,  are  seen  two  of the  least  changed  cells 
from the olfactory lobe of Rabies Rabbit No.  5.  They are in many 
respects similar  to those in  Plate XXXVI,  Fig.  12  of Rabies Rabbit 
No.  3.  The  disintegration  of  the  chromophilic  bodies  is  more  ex- 
tensive and the actual amount  of basophile substance is less.  In  the 
dendrites the basophile granules  are usually arranged  as fine straight, 
or  more  often wavy lines  and  as  oval  masses in  the  varicosities;  in 
this  way they often project somewhat from the  surface like knots  on 
a  branch  of  a  tree,  giving  the  process  a  rough,  wavy  appearance. 
In these cells the nucleus is apt to be distorted and the nucleo-retieu- 
Nm more or less disintegrated. 
Smaller  cells are found, which  are shrivelled  and  irregular  in out- 
line,  and with little appearance of structure  remaining.  The nucleus 
is represented  usually by a  shrunken  red  or purple  mass around  the 
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bodies  and  of  dendrites,  are  seen  scattered  along  the  line  occupied 
by the mitral  cells. 
Basal ga~glia.  The large  cells of the  corpus striatmn  and  of the 
thalamus  present  much  the  same  appearance  as  the  cells  of the  an- 
terior  horn  (Plate  XXXVI,  Fig.  13).  A  considerable  number  of 
cells show a  rather  extreme  condition  of  ehromatolysis  giving  them 
the  appearance  depicted in Plate XXXVIII,  Fig.  22.  The network 
arrangement  of the  granules  is not so frequent  as in  the  eells of the 
cord.  Vacuoles of various sizes in the cell body seem to be of rather 
more frequent occurrence than in the anterior horn cells.  The loss of 
basophile substance in the smaller cells has become more pronounced. 
Few of the cells show any of the large blue masses; most show only a 
fine  blue granulation,  some an  almost  complete  chromatolysis. 
RABBITS NOS. 7,  8, A~  9.--These rabbits,  one dying on the eighth 
day  and  the  others  on the  ninth  day  after  inoculation,  showed  such 
similarity  in  the  lesions,  that  they  will  be  discussed  together,  any 
individual  peculiarities  heing  noted. 
Spinal Cord a~d Med~Jllc~.--Congestien is present and quite intense 
in Rabbit N'o.  8, very slight in Nos. 7 and 9.  It is uniform through- 
out cord and medulla. 
H~emorrhages,  mostly  in  the  grey  matter,  and  at  different  levels 
of the  cords,  are  frequent  in  all  three  rabbits.  They occur  (a)  into 
the grey matter without definite limitations;  (b) into the peri-vascular 
lymph  spaces,  and  (c)  into  the  peri-cellular  lymph  spaces  around 
nerve cells,  as shown in Plate XXXVII,  Figs.  20  and  "21, the nerve 
cell  being  pressed  by  the  blood  to  one  side  of  the  space.  Plate 
XXXVII,  Fig.  21,  shows  a  blood-vessel and  its  relation  to  the  cell 
space, and peri-eellular  h~emorrhage.  In  several instances the  plane 
of the section was such as to make a peri-cellular hmmorrhage  appear 
as  if  situated  inside  the  cell  itself,  entirely  surrounded  by  cell  sub- 
~tanee. 
Changes  in  the  walls  of  the  blood-vessels are  not  nearly  so  pro- 
nounced  as in some of the  rabbits killed  earlier  in the  series.  Only 
a  few vessels, mainly in the  medulla,  show slight  infiltration  of their 
walls with leucocytes.  The  increase  iu connective tissue  elements  is 
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Cells  of  the  a~terior  bor~  (Plate  XXXVIII,  Fig.  24,  and  Plate 
XXXVI,  Fig.  li).  :XTo  normal  cells were  observed.  With  the  ex- 
ception  of tile very earliest stage,  in which  there  is little  else than  a 
ragged  or  somewhat  ragged  appearance  of the  outlines  of tile  chro- 
mophilic  bodies,  all  of  the  types  of  degenerative  condition  already 
described are present.  The great majority of the cells, however, fall 
into one of the two following classes: 
1.  Cells in  one  respect similar to those already described in which 
there is complete or almost complete chromatolysis.  They show cer- 
tain  further  changes  which  appear  to  mark  the  progress  of the  de- 
generative  process. 
(a).  The nucleus  is usually irregular  in shape;  its  membrane  may 
be  distinct,  thickened,  and  stained  a  brilliant  red.  Within  this 
nucleus there is no distinct reticulum, but a larger  or smaller number 
of  round  or  irregular,  apparently  homogeneous  masses,  staining 
bright red, and most numerous around the nucleolus.  Some of these 
masses are often as large as the nucleolus itself.  The  apparent  total 
amount  of this acid-staining  nuclear  substance,  is  often much  greater 
than  in  the  normal  cell,  and  is  difficult to  explain  in  any  other way 
than by supposing an  absolute increase in the  acidophile  elements o~ 
the nucleus.  Instead of these distinct red globules, the entire nucleus 
may  be  simply  an  irregular  bright  red  mass,  with  or  witho.ut  a 
nucleolus, and with or without a visible enveloping membrane.  There 
is sometimes no nuclear  limitation,  a  nucleolus surrounded  by a  few 
bright  red granules,  or the red granules without the nucleolus, lying 
loose in the  general  cell protoplasm.  Less commonly there  is entire 
disappearance  of  the  nucleus. 
(b).  The  cell body  shows no evidence of chromophilic  bodies  or of 
a  cytoreticulum.  The  acidophile  portion  of  the  cell  body is  repre- 
sented by a homogeneous, or finely granular  pink or bright red back- 
ground.  There is considerable difference in the intensity of the stain 
in  different  cells and  in  different  parts  of the  same  cell.  Speaking 
generally,  the  stain is lightest  in  the  central  portion  of the cell,  and 
grows darker  as the  processes are  approached.  The  processes them- 
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ally  true  of  the  axis  cylinder  proeess  and  its  axone  hillock,  which 
often  stands  out  with  an  extremely  bright  red  stain.  The  proto- 
plasmic processes have, like the cell body, lost all trace of a  reticular 
appearance, but often show an indefinite longitudinal striation.  There 
may be  no  signs  of  the  blue-staining  element  of the  cell;  or  there 
may be  some  coarse  blue  granules  standing  out  sharply  against  the 
red background; or there lnay be a very fine blue. granulation, giving 
the  cell  a  diffuse violet or purple  color  (Plate  XXXVIII,  Fig.  "24). 
The  same  thing  impresses  one  in  regard  to  the  acid  elements  of 
the  cell  body,  as  has  alrea@  been  noted  in  regard  to  the  acid 
elements  of  the  nucleus,  namely,  a  very  decided  increase,  or  at 
least  an  apparent  increase  in  these  elements.  When  we  remem- 
ber  how  very  delicate  and  lightly  staining  are  the  strands  of  the 
cytoretieulum in the normal cell, it seems necessary to think of either 
an absolute increase in the amount of aeidophile substance, or else that, 
occurring in  a  different condition, as diffuse granules or  dissolved in 
the general cell protoplasm,  it so takes up  the red stain as to  appear 
present  in  greater  quantity.  Such  cells  are  usually not  shrunken, 
but entirely or ahnost entirely fill up the cell spaces.  Their dendritic 
processes  are  reduced in diameter, and often taper rapidly to a point 
but  a  short  distance  from  the  cell  body.  They contain  little  or  no 
chromatic  substance. 
2.  Cells in which there is a  considerable amount of chromatic sub- 
stance,  and this substance  deposited in quite a  characteristic manner. 
(a). The nucleus in these cells is often perfectly round, with a broad, 
bright red nuclear membrane and is usually in the centre of the cell. 
There  is no  distinct intra-nuelear  network.  The  most common con- 
dition within the  nucleus is  that  alrea@  described--an  apparent  in- 
crease  in the  acido.phile element,  which is present  as round  or irreg- 
ular masses of considerable size.  Note rarely the nucleus is crenated 
and may be in any of the conditions previously described. 
(b).  In the  cell body  an imperfect cytoreticulum is often visible in 
some  parts,  the  remainder  of the  cell  showing  a  diffuse  pink  back- 
ground, homogeneous, or more dten finely granular.  As in the pre- 
vious  type  of  cell,  the  processes  show  a  stronger  red  than  the  cell 
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chromatic  spindles.  Moreover,  they  do  not  taper  off  at  so  short 
distances from the cell as do those of the preceding type. 
It  is  in  the  chromatic  element that  these  cells  show their  peculi- 
arity.  It will be  remembered that  in  Rabbits  Xos.  5  and  6  (Plate 
XXXVI,  Fig. 13,  b), was noted the occurrence of a part of the chro- 
matic substance as dense thin rods, straight or wa~\v, and taking a very 
dark  homogeneous stain,  ttere  there  has  been  both  a  decided  in- 
crease  in  the  nmnber  of  cells  in  which  the  chromatic  substance  is 
deposited  in  this  manner,  and  an  increase  in  the  proportion  of 
chromatic  elements  thus  deposited.  The  remaining chromatic  sub- 
stance  is present  as  irregular  masses,  some  small,  some  showing the 
general shapes of large normal Nissl bodies, but full of vacuoles and 
with edges which, instead  of being granular, appear  hard and sharp 
cut.  These  edges  and  the  edges  of the  vacuoles  take  a  very darI~ 
homogeneous  stain.  Among  these  are  found  a  few  ehromophilie 
bodies of the usual granular types, taking by contrast a  rather pale 
blue stain.  It is  impossible to  tell  whether there  is  in  such  cells  a 
loss  of chromatic substance,  and if a  loss,  how extensive.  It  would 
appear  rather as if there was a  contraction or shrinkage of the more 
loosely aggregated finely granular ehromophilic bodies into the hard 
dense masses seen in these cells. 
Spinal Ganglia (Plate XXXVI,  Fig. 15).  The changes resemble 
those  already  described  in  Rabbits  Nos.  5  and  6.  More  cells  are 
affected, there being none, apparently, that are normal. 
The  nucleus  is  usually more  or  less  shrunken  or  crenated  and  is 
often eccentric.  It may correspond to the nuclear condition just de- 
scribed in anterior horn cells,  in which there is an apparent increase 
in  aeidophile  elements,  these  being  present  as  larger  or  smaller 
discrete masses  or even distributed so as to give a diffuse red stain to 
the entire nucleus.  The nueleolus is in most eases round and smooth 
and much the same as in the normal cell. 
The basophile element of the cell body is somewhat more reduced 
than  in  the  preceding eases,  though not  markedly.  That condition 
described  as  type  3  in  the  ganglion  cells  of  Rabbits  Nos.  5  and  6 
(p.  597),  is  more  frequent.  These  cells  in  which  the  bright  blue 
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distributed through  the  clear or pink  cell body, present, quite a  char- 
aeteristic picture. 
The  cytoreticulum  is  in  most  eases  entirely  indistinguishable. 
When visible, it is usually around the periphery bf the cell, and even 
then much disintegrated.  The general cell body takes a diffuse stain, 
varying from a  light  pink  to. a  pronounced  red.  It is homogeneous, 
or,  more  rarely,  finely granular.  Vacuoles are  frequent,  often very 
large,  one sometimes occupying a quarter  of the cell body.  Distinct 
disintegration of the cell body is not uncommon, when all that remains 
of the  cell is a  shrivelled mass o.f pinkish  staining  substance,  with  or 
without  a  few small  blue masses,  hung by thread-like  strands  to  the 
edges of the cell space (Plate XXXVI, Fig.  15, b). 
Cells of Purkinje.  As compared with Rabbits Nos. 5 and  6, there 
seems to be no  further  diminution  in  number  of these  cells,  nor  do 
they show any further  loss  of chromatic  substance.  The  nucleus  i~ 
oftener  irregular  and  crenated,  but  as  a  rule  it  presents  a  distinct, 
coarsely  granular  network  and  membrane,  and  a  normal  nucleolus. 
It is often eccentric,  sometimes  lying on  the  edge  of the  cell.  The 
outlines  of  the  cell  body  have  also  become  more  irregular,  often 
shrunken.  There  is  a  distinct  reticulum.  Stained  with  erythrosin 
alone,  this  presents  a  granular  red appearance;  with  methylene  blue 
alone,  a  granular  blue;  with  the  double  stain,  a  granular  violet  or 
purple.  Around  the  periphery  of the  cell,  it  was  possible to  make 
out,  in  double  stained  specimens,  a  few  strands  of  the  reticulmn, 
stained red and uncovered by blue granules;  it seems probable, there- 
fore,  that  in  the  central  areas,  the  same  condition  obtains  as  in  the 
stichochromes  of the  anterior  horn,  namely,  an  acidophile  reticulum 
incrusted  with  fine  basophile  granules.  In  these  cells,  however,  a 
satisfactory demonstration  of this  could not  be secured. 
The main protoplasmic process and its branches are apt to. be wavy 
and  knobbed.  The),  contain  much of the basophile substance in  the 
form of fine granules, often strung along in rows.  The cone of bifur- 
cation  of  the  first  division  of  the  main  dendrite  often  preserves  its 
general  outline,  while  having  a  ragged  eaten-out  appearance. 
Cerebral cortex.  The  cerebral  congestion  was not  marked  in  any 
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As was the  case with the cells already described from  the  anterior 
horn,  medulla,  spinal  ganglia  and  cerebellum,  there  was  little  ap- 
parent  progress  in  ehromatolysis  of the  cortical  nerve  cells.  There 
are many normal  cells, that is, many which contain a relatively small 
amount  of  chromatin,  arranged  as  a  network  and  without  much 
thickening  at  the  nodal  points.  There  are  few,  however,  of  those 
cells found in the normal cortex, which are rich in ehromatin,  having 
large  nodal masses and ehromophilie  bodies which cover over several 
of the  meshes  of the  retieulum.  It  seems probable,  therefore,  that 
many  o~ the  apparently  normal  cells represent  cells which  normally 
would have a larger amount of chromatin,  and in which the ehromato- 
lytic  change  has  resulted  in  loss  of  the  larger  ehromophilie  bodies, 
the  chromatic  network  remaining.  The  probability  of the  eorreet- 
ness of this deduction is enhanced by the fact that some of these cells 
show in ragged outline skeletons, as it were, of once larger chromatic 
masses,  and  that  these cells are  prone to show more  or less advanced 
nuclear  changes  and  irregularity  of  dendritic  processes.  Degenera- 
tive progress is shown, however, in these cells, as in the  cells already 
described from  other parts  of the  nervous system of these same  rab- 
bits,  by changes  in  the  nucleus  and  in the  outlines  of the  cell body 
and processes. 
While  in most  cells the nuclear  membrane:  appears  with  increased 
distinctness,  its  outline  is  irregular,  this  irregularity  varying  from 
a  slight depression  or projection at one  point to marked erenation  of 
the entire nucleus.  There  is usually more or less diffuse staining  of 
the nucleus,  its clepth depending  largely upon the amount  of shrink- 
age, being slight in nuclei of normal  size,  and  extreme in those with 
marked  .shrivelling  and  erenation.  The  condition  of  the  nuclear 
retieululn  varies,  its clearness,  of course, depending largely upon the 
extent  of  the  diffuse  staining.  It  is  often  seen  to  be  quite  disin- 
tegrated,  however,  in  nuclei  which  show  no  general  staining.  The 
nueleolus is usually ragged  and  irregular,  sometimes  broken  up  into 
several pieces. 
The  outline  of  the  cell  body  shows,  in  most  eases,  some  irregu- 
larity;  it  may be merely a  waviness of contour,  or  less frequently  a 
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these  extremes  are  all  gradations.  There  is  usually  a  fine  line  of 
ehromatie granules around the periphery, emphasizing the raggedness 
of  the  eell  eontour.  The  same  irregularity  extends  o.ut into  tile 
dendrites,  often  more  marked  there  than  in  the  eell  body  proper. 
The varieosities are  often quite  large,  and  between them the  proeess 
may  be  reduced  to  a  mere  thread.  A  finely  granular  ehromatie 
substance is abundant  in  the varieosities.  The  diameter  of a  proeess 
through  one of these varieosities is usually not greater than that of the 
normal dendrite,  while between them the diameter is greatly reduced. 
It  would  thns  seem  that  the  varicose  eondition  is  due  mainly  to 
shrinkage  between,  rather  than  swelling  at,  the  points  of  the  vari- 
eosity,  and  that  the  varieosities  themselves  depend  upon  elmnps  of 
basophile granules.  Plate XXXVIII, Fig.  25, a,  shows one of these 
more ehanged  eells,  and  in  b  of the same figure is seen an  atrophied 
dendrite  containing  basophile  granules.  The  staining  is by methyl- 
ene blue alone. 
3[/tral ceils of the olfactory lobe.  The description already given for 
the  mitral  eells  in  Itabbits  Xos.  5  and  6,  applies  equally  to  those 
in  Rabbits ~os.  7,  8,  and  9,  as regards  tile general  character  of the 
ehanges.  There  has  been  a  further  deerease,  however,  in  the  num- 
ber  of  eells,  and  more  of  those  remaining  show  the  more  intense 
grades  of ehange.  No normal  eells  are  present,  and  few show  any 
large  ehromatie  masses.  Fine  gramfles  strung  out  in  ragged  wavy 
lines  represent  the  renmants  of  the  Nissl  bodies.  Sometimes  in 
rough  outline  are  seen  the  skeletons  of the  larger  Nissl  bodies,  de- 
seribed in other eells.  There is little if any further loss in ehromatie 
substanee.  In many  even  of the  most  shrunken  eells the  main  den- 
drites  appear  of  nearly  normal  diameter,  though  extremely  wavv. 
In these are seen the fine, rough,  broken lines of blue granules lying 
upon  the  strands  of an  only  slightly  disintegrated  aeidophile  retieu- 
lure.  Other more shrunken  dendrites  are varicose,  devoid of retieu- 
hun,  stain  diffusely dark  red,  and  show an arrangement  of ehromatie 
substanee  like  that  deseribed  in  the  eortieal  cells  similarly  affected. 
Raggedness of outline of cell body and  of nucleus,  with shrinkage  of 
both, is the rule.  ~o more striking pieture is seen in any part of the 
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row  of  mitral  cells.  In  the  normal  olfactory  lobe  these  cells  pre- 
sent a very uniform appearance and even distribution along the edges 
of the granular  layer; the bulk of their  chromatin  is in large  blocks, 
is very dense  and  stains  intensely.  When  one  examines,  even  with 
a low magnification,  this line of mitral cells in any of the later rabbits 
of the series, the changes are seen to be extremely pronounced.  The 
long  stretches  entirely  free  from  nerve  cells,  the  ragged,  shrunken 
bodies of most of those remaining,  with their  shrivelled and eccentric 
nuclei  and  disintegrated  chromatic  bodies, the  many long,  irregular, 
wavy  parts  of  dendrites,  scattered  along  even  where  there  are  no 
cell bodies, present  altogether a  very striking picture. 
Basal  ganglia.  The  large  cells  here  show about the  same  grade 
of lesion as do the stiehochromes of the ventral  horn,  the  description 
of the  latter  applying  equally  to  the  former.  There  are  almost  no 
normal  cells.  Most of the cells are  in  a  condition  of well advanced 
degeneration;  in  many  there  is  extreme  ehromatolysis,  even  more 
marked  than  that  depicted in Plate XXXVIII,  Fig.  22.  The  types 
pictured  in  Plate  XXXVI,  Fig.  13,  are  frequent,  the  same  hard 
wavy  lines  seen  in  cell  b  of  this  figure  being  present.  Nuclear 
changes are identical with those already described in the ventral horn 
cells.  3[ost  of the  small  cells  show almost  complete  chromatolysis, 
with  distortion  of the  cell  bodies,  loss of processes and  more  or less 
complete disintegration. 
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DESCRIPTION  OF  rLATES  XXXIV-XXXVIII. 
Unless  otherwise  noted,  drawings  were  made  with  a  Reichert  T1~  homog,  imm., 
apert.  1.25,  from specimens 6/z thick,  stained with erythrosin-methylene-blue. 
THE  NORMAL NERVE  CELLS. 
PLATE  XXXIV. 
Fig.  1.  Typical spinal stichochrome from ventral horn of cord of a normal rabbit. 
The  acidophile  reticulum  is  seen  in  the  axone  hillock  extending  out  as  delicate 
longitudinal  striations  into  the  axis  cylinder.  In  the  protoplasmic  processes the 
reticular meshes are elongated. 
Fig.  2.  Drawing  made  with  a  Reichert ~v homog,  imm., apert.  1.30,  sections 3/1 
thick, representing portions of  ventral-horn stichochromes. 
a.  A  protoplasmic  process in  longitudinal  section,  showing elongated  meshes of 
the  acidophile  reticulum  and  the  longitudinally  arranged  chromophilic  spindles 
lying upon  them. 
b.  Cross  section  of  a  protoplasmic  process  showing  acidophile  reticulum  and 
cross-cut chromatic spindles lying on and around the strands of  the reticulum. 
c.  Longitudinal section of  an  axone,  showing striations and their relations to the 
intra-cellular reticulum. 
Fig.  3.  Drawings made with  a  Reichert ~  homog, imm., apcrt.  1.30,  sections 3/1 
thick,  representing  portions  of  ventral-horn  stichochromes.  Shows  relation  of 
basophile granules to acidophile reticulum.  Granules are seen to lie upon meshes of 
reticulum. 
Fig.  4.  From a  spinal ganglion, lumbar region ;  section 6/~ thick.  Shows types of 
cells found  in  spinal  ganglia  with  the  variations  in  size  of  cells,  in size of  nuclei, 
and in the size  and  arrangement  of  the  chromophilic granules.  In two of  the ceils 
(a and at),  one large and one  small, the  chromophilic  granules  are arranged as short 
rods curved  slightly so  as  to  present a concavity  towards  the  nucleus and giving a 
concentric appearance to their arrangement.  Another cell (b) shows the fine granular 
condition  of  the  chromatic  substance with  an  almost  even distribution throughout 
the  cell-body,  there  being a few larger  chromatic  masaes  present.  The fourth  cell 
(c)  shows  a  rather  coarse  reticular  arrangement  of  the  granules,  the  reticulum 
corresponding  somewhat  to,  though  being  coarser  meshed  than,  the  acidophile 
reticulum. 
Fig.  5.  Typical Purkinje cells  from the  rabbit's cerebellum.  In one of the cells, 
a,  the plane  of  section  includes  a  large part of  the main dendrite  with primary and 
secondary bifurcations and  gives  a  clear picture  of  the  dendritic  reticulum and the 612  Morphology  of  Ganglion  Cells  i~  the  Rabbit 
overlying  rods of  vranules.  The  nucleus  is  rather  small  as compared  with  the  ceil- 
body,  and its reticular  strands  are  coarse.  In  all  of  the  cells  drawn  the  ,' nuclear 
cap"  is  distinct,  as  is  also  a  tendency,  not  nearly  so  marked  as  in  the cells  of  the 
spinal  ganglia,  to  a  concentric  arrangement  of  the  granular  masses. 
PLATE  XXXV. 
Fig.  6.  Represents  two  cells  from  the  mitral  layer  of  the  olfactory  lobe.  The 
chromophilic  bodies  are extremely  coarse,  and  there  is  a  well  marked  nuclear  cap. 
The  rods  in  the  dendrites  are  large.  The  chromophilic  masses  take  a  very  dark 
stain.  The acidophile  reticulum  is  of  comparatively  fine  mesh,  and  does not  show 
well  any distinct  relation  to  the  chromophilic  granules. 
Fig.  7.  Four  cells from  the frontal  lobe of  the  cerebrum.  One of  these (a) iscut 
at right  angles to  the  direction  of  the main dendrite,  and is from  a  section  tangential 
to the  surface.  The  others  are  cut  in  the  axis  of  the  main  dendrite  and are from 
transverse  sections cut  at right  angle to the  surface  of .the brain. 
Fig.  S.  Three  cells from  the cerebrum.  The  section was aperpendicular  one, and 
taken  at  a  point  midway  between  the  tip  of  the  frontal  lobe  and  the  tip  of 
tile  occipital.  The  cells  average  considerably  larger  and  are  richer  in  chromatic 
substance  than  in tim  frontal  lobe. 
Fig.  9.  Five  cells  from  the  occipital  lobe.  These  again  are  smaller  than  those 
found  in  the mid-region,  and the  chromatic  constituent  is less. 
RABIES. 
PLATE  XXXVI. 
Fig.  10.  From  ventral-horn  cells,  lumbar  cord,  Rabies  Rabbit  No.  1.  Sections 
3/z thick ;  Reichert  rls homog,  imm.,  apert. 1.30.  Early  changes  in  the  chromophilic 
bodies  and relation of  these to  the  acidophile  reticulum. 
a.  Frayed  out  appearance  of  edges of  chromophilic  bodies without  any diminution 
in  staining  intensity. 
b.  Frayed  edges with  considerable  diminution  in  staining  intensity. 
c.  Same as b,  but  with  holes  or vacuoles  in  the  chromophilic  bodies.  These holes 
seem to correspond  to the  meshes  of  the  reticulum. 
Fig.  11.  Cell  of  ventral  horn,  cervical  cord,  Rabies  Rabbit  No.  3.  One  of  the 
cells showing  most  marked  changes  found  in  this  rabbit.  Extreme  eccentricity  of 
the  nucleus,  which bulges  somewhat  from  the  cell-body;  loss of  any distinct  nuclear 
contour;  no  nuclear  membrane;  no  iutra-nuclear  network;  nucleolus  broken  up 
into  three  distinct  parts  ;  acidophile  element  of nucleus  forming  a  stellate  granular 
mass around  the  nucleolus;  some  diffuse  red  staining  of  the  rest  of  the  nucleus. 
Cell processes  short,  tapering  to  a  point near  the  body  of  the  cell ;  some  appear  like 
mere  reddish  threads.  Only  one  of  the  processes  shows  any  evidence  of  either 
reticulum  or chroraophilic  rods ;  the  other  processes  show an  increased  intensity  of 
reaction  to crythrosin,  but  no reticulum.  In  tile  cell-body  the  reticulum  is largely 
obscured.  Instead  of  the  usual  separate  cbromophilic  bodies  there  is  around  the 
nucleus  a  diffuse  dark-blue  granular  deposit,  while  towards  the  periphery  the 
ctlromatie  granules  are  arranged  in  a  reticulum,  the  meshes  corresponding  to  some 
extent  to  the  remains  of  tlle  acidophile  reticuium. 
Fig.  12.  Two  large mitral  cells from  the  olfactory  lobe,  Rabies Rabbit  No.  3. Frederick Randolph ]3alley  613 
In a,  all the large chromatic masses have disappeared, what is left of  the basophlle 
element being scattered throughout the ceil as small clumps of  granules, in irreg.ular 
rods,  and in one end of  the cell ass distinct reticulum.  The nucleus shows apartial 
disintegration of  its reticulum and the stcllate collection of  red granules around the 
nucleolus. 
In b,  some large  chromophilic bodies  still  remain, ragged and  frayed  out  at  the 
edges.  In some parts of  the cell  there  is  a  diffuse granular deposit ;  in other parts 
there is a  distinctly reticular arrangement of  the  granules, which lie on the strands 
of  the acidophile net work.  The nucleus is distorted, as is also the nucleolus.  The 
changes in the nucleo-reticulum are the same as in a. 
Fig.  13.  Ventral-horn cells from  cervical cord,  Rabies Rabbit No.  6. 
a.  Nucleus crenated, nucleolus broken up, and nucleo-reticulum almost completely 
disintegrated.  In the cell-body the  basophile element  is  represented only by a  few 
scattered granules.  The body of  the  cell  stains a  diffuse  and ratller dark red.  The 
processes end in  points  at  a  short  distance  from  the  cell-body, these points taking 
a  darker red stain than any other portion. 
b.  Shows disintegration of  larger chromatic  masses;  outlines of  some still show; 
wavy rods of  chromatic  substance which  have  a  very hard  appearance  and  take an 
intense dark-blue  stain ;  cytoreticulum normal  throughout  greater portion of  cell; 
vacuoles in several places, where both reticulum and chromatic substance are wanting. 
Fig.  14.  Two  cells  from ventral horn,  lumbar  cord,  Rabies  Rabbit No.  9,  trans- 
verse section. 
a.  Ceil-body shrunken to  one  side  of  cell space, leaving strands of  cell substance 
stretching  across  between  the  cell  and the  edges  of  the  space, and  presenting the 
appearance of  large vacuoles.  No very distinct chromophilic bodies, but the basophile 
substance present in  rather  large  amount,  deposited as  more or  less closely packed 
granules, in some places making a  coarse reticulum.  A  single process is seen which 
takes a  dark-red stain. 
b.  Resembles preceding, except that the destruction has gone farther.  At one side 
is seen a  short, pointed protoplasmic process, entirely disconnected with the remains 
of  the cell-body. 
Fig.  15.  Three cells from a  cervical posterior root ganglion, Rabies Rabbit No.  9. 
a.  Cell-body shrunken  somewhat from  cell  space,  leaving a  net-work  appearance 
between the cell-body and the edges  of  the space;  diffuse dull-pink staining of  cell- 
body with rather  large  dark-blue  granules  scattered  through it ;  nucleus distorted; 
nuclear reticulum broken ;  one stellate red  mass, about the size of  nucleolus, in the 
nucleus. 
b.  Cell-body shrunken to dull-pink mass about centre of  space leaving strands, and 
an irregularly shaped band  of  cell  substance  crossing between the central mass and 
edges of  space. 
c.  Cell fills space  excepting at  one  side where  there  is  a  large vacuole;  nucleus 
irregular and takes  a  homogeneous  dark-red  stain;  reticular  arrangement of  chro- 
matic substance near periphery of  cell, and considerable diffuse blue granulation. 
PLAT~.  XXXVII. 
Fig.  16.  Portion of  a cervical spinal ganglion, Rabies Rabbit No.  6,  showing five 
nerve cells. 
a.  Only  a  remnant  of  nucleus  anll  nucleolus;  acidophile  reticulum  apparently 
intact ;  basophile element of  cell-body entirely gone. 61~  Morphology of  Ganglion Cells in  the  Rabbit 
b.  Nucleus nearly normal.  Almost  no basophilc substance  in the central portion 
of  the cell ;  irregular line  of  chromophilic bodies around the periphery ;  acidophile 
reticulum normal. 
c.  Nucleus  normal;  cytoreticulum intact;  basophile  element  present  as  small, 
dense, intensely dark-blue  masses, scattered  quite  evenly throughout the cell-body; 
some diffuse granules in one part of  the cell. 
d.  Intra-nuclcar network somewhat broken ;  some chromophilic bodies around the 
nucleus and at the periphery, acidophile reticulum normal.  Near the surface of the 
cell its strands are covered by the basophile granules. 
e.  Intra-nuclear network broken;  nucleus eccentric; reticulum normal;  cell free 
from basophile element except near nucleus and at extreme periphery. 
Fig.  17.  Four cells of Purkinje, Rabies Rabbit No.  6. 
a.  Eccentricity of  nucleus ;  cytoreticulum normal in part of  the cell ;  diffuse red 
granules in central  portion;  reticulum broken  in  other  portions of  the cell;  baso- 
phlle granules few and situated near  the nucleus and at the periphery on the strands 
of  the  reticulum. 
b.  Nucleus distorted and filled with fine blue and coarser reddish  granules; nucle- 
olus  large  and  irregular;  no  basophile  element  in  cell-body;  acidophile reticulum 
shows in some parts of  the cell, but is  mostly lost  in a  diffuse red granular deposit. 
c.  Nuclear  outline  lost;  no  nucleo-reticulum  or  cytoreticulum;  diffuse  red 
granular stain of  both  nucleus  and cell-body ;  small dark-blue granules in nucleus ; 
basophile  substance  arranged  as more  or  less concentric rods around the nucleus as 
a  centre. 
d.  Nucleus distorted  and  shrunken, taking a  diffuse dark-red stain, with very fine 
blue granules scattered through it ;  nucleolus crenated ;  no eytoreticulum ;  no baso- 
phile substance ;  d~ffuse granular red stain. 
Fig. 1S.  Three of  the more changed cells from the deeper layers of cerebral cortex, 
Rabies Rabbit No.  6.  Transverse section through mid-region of brain. 
a.  Outline  of  cell-body  irregular;  few  chromophilic  bodies  around  nucleus, at 
periphery and in dendrites ;  diffuse blue granules ; reticulum shows only at periphery 
and in dendrites ;  nucleus irregular and eccentric ;  nucleo-rctieulum broken. 
b.  Similar to a,  excepting the  distinctly reticular arrangement of  the blue-staining 
element in parts of  the cell. 
c.  Extreme  eccentricity  of  nuelcolus;  cytoretieulum  very  distinct;  complete 
absence of  basophile substance. 
Fig.  19.  Two mitral cells from the  olfactory lobe of  Rabies Rabbit No.  5,  trans- 
verse nmdian  section. 
a.  Nucleus eccentric but not much changed ;  outlines of some of the larger chromo- 
philic bo(hes well preserved,  but  bodies  themselves ragged and full of  holes, givin~ 
a  fenestrated  appearance;  reticular  arrangement  of  some  of  the  granules;  cyto- 
retieulum normal. 
b.  Similar to a,  except that nucleus is central ;  simws the arrangement of  chrom~- 
philic bodies in large dendrite ;  they are placed along the margins of  the process and 
being somewhat wavy, give the process a  wavy appearance. 
Fig.  20.  Ventral-horn cell, cervical cord,  Rabies Rabbit No.  7.  H~emorrhage into 
pericellular lymph space, pressing cell over to one side. 
Fig.  21.  Ventral  horn-cell,  cervical cord,  Rabies  Rabbit  No.  9.  Similar  to pre- 
ceding'.  Shows a vessel from  which  h;emorrhage  has taken place into a  pericellular 
lymph space ;  cell-body pushed over to one side ;  irregular, fenestrated, ehromophilie 
bodies packed closely together. Frederick Randolph Bailey  615 
PLATE  XXXVIII. 
Fig.  22.  Ventral-horn cell, cervical cord,  Rabies Rabbit No.  1.  Cell was situated 
in the postero-internal Dart of  the horn.  Shows an extreme  degree of  degeneration 
for  this  rabbit,  blucleolus  irregular  in  outline  and  stains  irregularly;  nucleo- 
reticulum  almost  completely  lost  with  the  exception  of  a  few  thick  strands  of 
reddish  granules;  nuclear  outline  irregular and indistinct; cell  outline ragged  and 
processes gone.  Basophile element  appears  as  a  fine granular  deposit  throughout 
the cell, with here and there a  few clumps  of  granules.  Faint acidophile reticulum 
at the  periphery, but  throughout  the  greater  portion  of  the  cell  the  reticulum  is 
either lost or covered up by the diffuse blue granular stain. 
Fig.  23.  Three of  the larger pyramidal cells from the deeper part of  the cerebral 
cortex;  transverse section midway between tip of  frontal and tip of  occipital lobes~ 
Rabies Rabbit  No.  5.  Disintegration of  the  nucleoli in  two  of  the cells;  stellate 
arrangement of  granules around the nucleolus with breaking up of  the nucleo-retic- 
ulum ;  in one of  the cells the  nucleus is markedly eccentric.  Disappearance of  the 
larger chromatic  masses  with  a  decidedly reticular arrangement  of  the  remaining 
granules. 
Fig.  24.  Cell  from  motor  nucleus  of  fifth  nerve;  transverse  section;  Rabies 
Rabbit No.  9. 
Cell-body appears  swollen ;  smooth  in  outline ;  filled with fine granules, some of 
which take the blue, others the red stain.  At one end of the cell a considerable area 
entirely free from the blue granules and from which  a  process,  probably the axone, 
arises.  No distinct nuclear  outline, the  area  of  the  nucleus taking a  granular-red 
stain like the axone hill, and in the  centre  of  the  area  a  nucleolus  surrounded  by 
a  stellate purple area apparently the remains of the shrivelled nucleus. 
Fig.  25.  Mitral  cells,  olfactory  lobe,  Rabies  Rabbit  No.  9,  transverse  median 
section, methylene-blue stain only. 
a.  Shrunken cell-body ;  reticular arrangement of  blue  granules ;  irregular shrink- 
age  of  processes, the chromophilic network showing in the broader parts, remaining 
chromophilic granules seem  to  cause  nodules  on  dendrites;  nucleus  and  nucleolus 
crenated. 
b.  Reichert homog, imm. ~,  apert.  1.30,  shows even  more distinctly than preced- 
ing the arrangement of basophile granules in atrophied dendrite. 